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OTA REPORT, "FEDERALLY FUNDED 
RESEARCH: DECISIONS FOR A DECADE 



WEDNESDAY, MARCH 20, 1991 

U.S. House of Representatives, 
Committee on Science, Space, and Technology, 

Subcommittee on Science, 

Washington, D.C 

The subcommittee met, pursuant to notice, at 9:37 a~m. in room 
2318, Raybura House Office Building, Hon. Rick Boucher [chair- 
man of the subcommittee] presiding. 

Mr. Boucher* The subcommittee will come to order. 

In the closing days of World War II, President Roosevelt sought 
ways to turn a technologically formidable United States war effort 
to peacetime ends. During the war, the Office of Scientific Re- 
search and Development had been created to capitalize on recent 
scientific discoveries such as radar and penicillin. • 

The President commissioned the Director of the Office of Scien- 
tific Research and Development, Dr. Vannevar Bush, to report to 
him on the best means to harness scientific and technological 
knowledge to drive an economy at peace. 

In his letter to Dr. Bush, the Presidert wrote, "The research ex- 
perience developed by the Office of Scientific Research and Devel- 
opment and by the thousands of scientists in the universities and 
in private industry, should be used in the days of peace ahead for 
the improvement of the national health, the creation of new enter- 
prises bringing new jobs, and the betterment of the national stand- 
ard of living. New frontiers of the mind are before us, and if thev 
are pioneered with the same vision, boldness and drive with which 
we have waged this war, we can create a fUller and more fruitful 
employment and a fuller and more fruitful life/ 9 

The report that ensued, entitled "Science— the Endless Fron- 
tier," embodied Dr. Bush's vision of science and engineering as the 
pillars of a technologically advanced society, and became the blue- 
print for our present Federal research enterprise. The priorities set 
by President Roosevelt in his commission to Dr. Bush— national de- 
fense, public health, and Government support of research at uni- 
versities and private organizations—are still recognizable today as 
the guiding principles of our national science policy. 

The success of our national research system, established now just 
over 40 years ago, is today manifest The United States supports a 
scientific enterprise whose excellence and diversity is without peer. 
We have uniquely tied scientific inquiry to education through 
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broad-based Federal support of research at universities, attracting 
eminent scientists and promising students from around the world. 
Yet* as our system now enters its filth decade, it is beginning to 
show some signs of strain. Part of that strain is the product of the 
system's success: in spite of record high funding levels, even when 
adjusted for inflation, there are today more well-qualified research- 
ers and more worthwhile projects than we as a Nation can afford 
to fund. 

Part of that strain is aim caused by the need to adjust priorities 
to better reflect the Nation that we have become at the end of the 
20th century. And, part of the strain is caused by tensions within 
the system itself: big science versus little science; support for re- 
search projects versus support for research facilities; and support 
for established investigators versus support for young scientists. 
These are only a few of the issues with which we as policymakers 
are charged with grappling. 

One conclusion, I think, is inescapable: no matter what level of 
research funding we are able to achieve in the coming years, we 
are going to have to continue to address the overall national goals, 
scientific priorities, research infrastructure, and management con- 
cerns. 

To assist this committee in that task, we have asked the Office of 
Technology Assessment to report on the health of the research 
system. OTA has completed a summary report entitled, "Federally 
Funded Research: Decisions for a Decade, and today will release 
the summary and recommendations of that report at this hearing. 

Following the OTA representatives, we will hear from a distin- 
guished panel of scientists and engineers who will comment on the 
OTA findings, on priority setting, on research expenditures, educa- 
tion of the research work force, and ongoing analysis of the re- 
search system. 

We will welcome our panel of witnesses momentarily- Before 
doing that, I would like to call on the Ranking Republican Member 
of the Subcommittee, the gentleman from California, Mr. Packard. 

Mr. Packard. Thank you, Mr. Chairman* 

I would like to welcome all of the witnesses who have come to 
testify today. We are particularly interested in the second panel 
who will provide an assessment of the report 

The United States currently maintains one of the finest research 
communities in the world. Six major Federal agencies — the NIH, 
NSF, DOE, DOE, NASA and the USDA— support more than 90 per* 
cent of the university basic and applied research. This funding nas 
provided the American university system with the financial base 
from which to make advances in scientific knowledge which, in 
turn, spurs economic productivity and international competitive* 



In order for the American research community to grow and con- 
tinue to tackle complex scientific problems, we must assess the cur- 
rent federally-funded system to pinpoint weaknesses so that we as 
a Nation will be able to embrace the challenges that we will be 
faced with in the 1990s. That is why this OTA report is so impor- 
tant It evaluates the nature and distribution of research funding 
and decision-making and suggests alternative approaches that the 
Federal Government can take in funding research. 
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One of the most significant points made in the OTA report was 
the fact that there will always be more opportunity than can be 
funded. There will always be more researchers competing than we 
can sustain and there will also always be more institutions seeking 
to expand their programs than the prime sponsor, the Federal Gov- 
eminent, can fund. 

I agree with the objectives listed in the OTA report. We must 
insure that funding remains available for the best research; that a 
full portfolio of research is maintained and that there is a highly 
competent work force to do the job. 

Again, I want to thank you, Mr. Chairman, for scheduling this 
important hearing, and I certainly look forward to the information 
that will come out of the hearing through our witnesses. 

Mr. Boucher. The Chair thanks the gentleman and welcomes 
now our first panel of witnesses from the Office of Technology As- 
sessment to discuss the findings and the recommendations that are 
a part of the OTA report. 

We welcome Dr. John Andelin, the Assistant Director for Sci- 
ence, Information and Natural Resources; Dr. Daryl Chubin, 
Project Director; Ms. Nancy Carson, Manager, Science, Education 
and Transportation Program for OTA; and Dr. Elizabeth Robinson, 
an Analyst, Science, Education and Transportation Program. We 
welcome all of you here today. 

We will, without objection, make your prepared statements a 
part of the record. We have a 5 minute rule in terms of oral sum- 
maries of the prepared statements and would ask that you adhere 
to that. 

Dr. Chubin, if you would like to make a presentation, we'd be 
happy to hear from you. 

STATEMENT OP DR DARYL CHUBIN, PROJECT DIRECTOR, SCI- 
ENCE, EDUCATION AND TRANSPORTATION PROGRAM, OFFICE 
OF TECHNOLOGY ASSESSMENT; ACCOMPANIED BY: DR. JOHN 
ANDELIN, ASSISTANT DIRECTOR, SCIENCE INFORMATION AND 
NATURAL RESOURCES DIVISION; NANCY CARSON, MANAGER, 
SCIENCE, EDUCATION AND TRANSPORTATION PROGRAM; AND 
DR ELIZABETH ROBINSON, ANALYST, SCIENCE, EDUCATION 
AND TRANSPORTATION PROGRAM 

Dr. Chubin. Thank you, Mr, Chairman. Good morning. Good 
morning, Mr. Packard. Thank you for the opportunity to appear 
before you today. I will summarize my written statement. 

Sixteen months ago, this committee asked the Congressional 
Office of Technology Assessment to study the federally-funded re- 
search system, the state of information used to characterize it, and 
the challenges that system faces in the 1990s. A summary of the 
report, ''Federally Funded Research: Decisions for a Decade," is 
being released today. The full report will be issued late next 
month. 

Throughout this study, we have worked with the committee to 
assure a thorough examination of federally-funded research and to 
address the committee's special role in supporting and overseeing 
it. 
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The summary offers a broad brush look at the goals and process* 
es that undergird Federal funding decisions and the issues that 
Congress must grapple with in the decade ahead. The full report, 
in contrast, looks in-depth at a number of individual issues and we 
hope that it will be useful to the committee over time. 

Our testimony today thus only begins the transfer of information 
to the committee. We look forward to being of continuing assist- 
ance. 

Recently, increasing calls for more funding for research have 
been heard from the scientific community. Similar calls have been 
heard throughout the history of Federal sponsorship of research 
and undoubtedly some of the witnesses to follow me will echo those 
concerns. 

These calls reflect the tremendous excitement that we all share 
in the findings that result from scientific research. How much is 
enough for research, however, depends on the goals of the Federal 
Government in funding it. If the goal is to fund every good idea, 
then the demand for funding could be without limit. Our research 
system is so robust that it can produce more good ideas than can be 
funded. 

If the goal is to produce a strong work force skilled in science 
and engineering, then the requirements for research funding may 
be closer to the educational pipeline, grade school to grad school In 
practice, however, funding the best ideas, producing a skilled work 
force, contributing to economic competitiveness and other goals are 
all part of the research system. Once goals and needs have been 
identified, choices can be made. 

The research system is feeling the stress of internal competition 
for funds and of the demands placed upon it by pressing national 
needs such as a search for a cure for AIDS. While the Federal 
funding of research has increased in constant 1990 dollars from $8 
billion in 1960 to over $21 billion in 1990, the number of research- 
ers has grown steadily, more than doubling during this same 
period. 

OTA finds that stress is a natural part of the competitive re- 
search system and we question whether researcher stress per se in- 
dicates problems in the research enterprise. There is also debate 
over whether additional funds would relieve the stresses presently 
felt by researchers. OTA find* that additional funding would 
indeed allow the pursuit of more scientific opportunities and yield 
fruitful gains. It would also enlarge the system, create more deserv- 
ing competitors for support, and increase future demands for fund- 
ing. 

The symptoms of stress that we hear and see— for example, in- 
vestigators having to compete harder for funds while young re- 
searchers find it more difficult to launch their careers, would per- 
sist. 

The Nation's academic system has the capacity to train many 
new researchers and tackle many new problems, but OTA is not 
here to advise you on what is an appropriate funding level for aca- 
demic or basic research. Rather, we seek to provide a balanced pro- 
spective on this vibrant, pluralistic enterprise, and on the activities 
inside and outside of Government that make it so successful. 



ERIC 



5 

Regardless of the level of funding, OTA has identified four issues 
that need to be addressed and that are central to producing a 
stronger research system. 

The first issue is to increase attention to setting priorities in fed- 
erally-funded research. Research priorities are currently set 
throughout the Federal Government at many levels. However, 
these efforts fall short in three ways. 

One, criteria used in selecting various areas of research and me- 
gaprojects are not made explicit and appear to vary widely from 
area to area. Two, there is currently no formal or explicit mecha- 
nism for evaluating the total research portfolio of the Federal Gov- 
ernment in terms of national objectives. Three, the development of 
human resources and of regional and institutional capacity must be 
taken into account These criteria build future research capability 
without compromising the quality of today's research. While not 
every project or agency will or should attend to these criteria 
equally, the total Federal research portfolio should explicitly re- 
flect these concerns. 

Priority-setting mechanisms that cut across research fields and 
agencies and that make selection criteria more transparent must 
be strengthened. Congress should insist, at a minimum, that the 
Executive Branch present and compare the criteria or the rationale 
underlying budget choices. Other criteria may be considered and 
comparisons made in congressional decisions. 

Also, since megaproject costs certainly affect the initiation of 
new projects within an agency's budget, and perhaps those of other 
agencies as well, megaprojects are chief candidates for cross-cutting 
priority setting. 

A second issue is to understand research expenditures. Many in 
the research community claim that increases in the costs of doing 
research exceed increases in Federal funding. However, the numer- 
ous and sometimes inconsistent meanings of cost and the lack of a 
suitable measure of research make this claim all but impossible to 
evaluate. 

Specific research activities generally become cheaper to complete 
with time due to increasing productivity, for example, of computers 
and other technologies. However, advances in technology and 
knowledge also allow deeper probing of more complex scientific 
problems and create demand for greater resources. 

Because success in the research environment depends heavily on 
getting there first, there is great advantage to having the financial 
support to acquire additional staff and cutting edge technology. 
Thus apart from the intrinsic joy of research, competition drives up 
demand for funding. In this sense, the cost of research will contin- 
ue to match or outpace any increases in Federal funding. 

On a less philosophical note, greater cost accountability could be 
encouraged. In particular, the Federal Government should seek to 
eliminate the confusion around allowable indirect costs, a topic of 
special concern these days to research universities, and develop 
better estimates of future expenditures, especially for megaprojects 
where final costs tend to be well above initial estimates. 

A third issue of Congressional concern addresses education and 
human resources for the research work force. Recent projections of 
shortages for Ph.D. researchers in the mid-1990s have spurred 
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urgent calls to increase Ph.D. production hi the United States. 
OTA believes that the likelihood of these projections being realised 
is overstated and that these projections are poor grounds on which 
to base public policy. 

In both this and previous OTA work, however, OTA has indicat- 
ed the value to the Nation, regardless of employment prospects in 
the research sector, of expanding the number and diversity of such 
students in the educational pipeline, precollege through undergrad- 
uate, and preparing graduate students for career paths in or out- 
side of research. 

Participation in science and engineering at all levels can be en- 
hanced if the opportunities and motivations of presently underpar- 
ticipating groups, such as women and United States minorities, are 
confronted. Both set aside and mainstream programs could help to 
address these issues. 

Not just the number of scientists and engineers, or their charac- 
teristics is at issue. Research in many fields of science and engi- 
neering is also moving toward a more industrial model, with larger 
and often multidisciplinary teams, specialized responsibilities, and 
the sharing of infrastructure. 

The Federal Government has acknowledged these changes with 
funding for centers and through block grants. Perhaps it should 
also encourage universities to provide opportunities and rewards 
for young investigators and nontenure track researchers. 

A final issue of congressional concern is to refine the data col- 
lected on the research system. Better information is needed to 
inform congressional decision-making. While data collected on the 
health of the research system in some areas are extensive, in other 
areas data are scarce. In addition, most of the research agencies, 
with the exception of NSF and NIH, devote few resources to inter- 
nal collection. 

Without comprehensive and relevant information, Congress 
cannot make well-informed decisions. OTA suggests additional in- 
formation that could be collected for different levels of decision- 
making and accountability. 

How then can the Nation meet these four challenges? As we look 
beyond this year's budget to the research opportunities that will 
emerge throughout the 1990s, OTA believes that Congress, the Ex- 
ecutive Branch and research performers must begin to converge. 
Congressional hearings, legislation and oversight should address 
cross-cutting and within agency priority-setting, cost accountabil- 
ity, and the state of data on the research system. 

This committee could take the lead for such hearings. Similar ef- 
forts should be initiated in the Executive Branch, especially OSTP, 
OMB and the research agencies. Not all of these problems, howev- 
er, can be addressed by the Federal Government Many policies are 
dictated by the practices of universities and laboratories, both Fed- 
eral and industrial, especially in the areas of cost containment and 
expanding the educational pipeline. 

This committee's leadership in overseeing programs at NSF has 
fortified the connections among research, education and human re- 
sources, and represents a foundation on which to increase these ef- 
forts. 
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In the decade ahead, the Federal Government must make tough 
choices in guiding the research system, even beyond issues of merit 
and constricted budgets. How do today's objectives and funding 
commitments bear on the Nation's future capability to do re- 
search? 

OTA concludes that sustaining the research system will require 
more than funding. It will require new ways to manage the diversi- 
ty and creativity that have distinguished United States contribu- 
tions to scientific research. 

Thank you, Mr. Chairman. My colleagues and I would be pleased 
to respond to the committee's questions. 

[The prepared statement of Dr. Chubin follows:] 
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FEDOTALLY FUNDED RESEARCH: DFCtSONS FOR A DECADE 

Stroma* of Dr. Dary< E. Cfx&in 

r^o)sD Director 
Office cf Te chnology A s ae s i m e nt 

U,S. Congress 

Before the Subcommttee on Science 
Committee on ScJerc*, Space, and Technology 
U.S. House of Representaitae 



Mr. Cheirm»n f 18 mentis ngo, this Commute© asked the congressional Office of Technology 
Assessment to study the federally funded research system, the state of Information used to 
characterize K and th* ch:wenge$ that tystem feces in the 1990s The summary of the report 
Foderaiv Funded Research: Decisions for g Dacada is being roteaaad today. The fufl report wSi be 
Issued late next month. 

Throughout this study, we have worked with ttw Cornmfttae to assure a thorough examination 
of fed t rally funded research and to address the Committees special rote in supporting and 
overseeing 1 The summary offers a broad-brush took at the goats and processes that under gird 
Federal research funding decisions and the touts thai Congress must grapple wfth in the decade 
ahead The tufl report, in contrast looks in depth at a numbef of tndMdusi issues, and we hope that it 
wfi be usefuJ to the Committee overtime. Our testimony today only begms a transta of iriforTnaiion to 
the Committee. We look forward to continuing to assist the Committee in this and rotated endeavors. 

In preparing this report, in addition to analyzing various documents and data (which are 
summarized in attachment 1), we talked with nany participants in the research system, We 
interviewed more than 125 staff of the six major research agendas (who were moss cooperative and 
enlightening); we consulted with numerous researchers and research admlnistrators-indeed our 
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advisory panel was composed primary of working sctentists and engine**; and we conducted 
seversj ate vM» of nmreh unKwgrtttto and Fao^ tabo rrtort at, Talking w*m all of these people 
helped sensitize us even further (since most of the staff on this project have bee n working scientists) 
to the complexity and the muftftude of pertpecttoss on the research systerft Wfch the release of this 
summary, we are expanding the dialogue to include the Commttee. the executive branch, and the 
ecsjrflfccomrnuriaYM 

Recently, Increasing caSs tor more funding for research have been heard from the Trtffic 
communfry. (For a history of Federal funding, see attachment Z) Staler caBt have been heard 
th ro ughou t thartistory of FedersJ sp^ 

foflow me wfB echo these concerns. These cafis reflect me tremendous excSefnent that we aJJ share In 
the findings that rest* from sctemfe resaarcfv 

•How much is enough" for research, however, depends on the goals of the Federal 
Government in funding research, H the goai is to fund every good Idea, then the demand for funding 
could be without Km*; our research system is so robust thai it can produce more good ideas than can 
be funded, ft the goai is to produce a strong work force sfctted tn science and engineering, then the 
regulrements for research funding may be linked closer to the educational jifrisifns mils school to 
grad school. In practice, however, funding the best Jtfeasv producing a sidled work force, contributing 
to economic competitiveness, wxJ other goals are atf part of the research system Once goafs, end 
needs have been Wenttfted, choices can be made and funding Jevets set. 

The research system la feeling the stress of internal cornpettion for funds and of the dernands 
placed upon t by pressing national needs* such as the search for a cure tor AIDS. Whfe the Federal 
funding of research has increased in constant 1990 doSars from $8 blUon tn 1900 to over $21 ballon in 
1990, fre number of researchers has grown staedly. at least doubting during the same period. OTA 
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finds that stress is a natural part of the competitive research system, and we question whether 
isssaiihar stress, per se, hdtatcc orcBoms in the fssserch s nts rprt sa . There Is also debate owr 
whcftsradflBonrtfrndew (For a summary of 

tensions fin the research system, see aBrchment 3.) 

OTA ftnde that additional funding would allow the pursuit of more scientific 
o p p o i tu n fcl es end yield fruWtd gains; U would ateo enlarge the system, owtt more d eser v ing 
competitors for support, and Increase future demands for funding. The Nation's academic 
research system has the capedry to train many new researcheri and to tretta many new proWems. 
The symptcrac* stress that wan 

finis whie young researchers And t more <^et£ to launch Oielrc8raers--would persist 

OTA. thus, Is not hers to advise you on what Is an 'appropriate* funding level for "academic" 
or "basic* research. Rather, we seek to provide a balanced perspective on mis vibrant* pluralistic 
enterprise, and on the activities malde and outside of government that make H so successful, 
Regardless of the level of funding, OTA hes Wentffled four issues that need to be addressed end 
that are central to producing e stronger research system: silting priorities, understanding costs, 
developing human resources, end refining data on the system. (See attachment 4 ) 

The first Issue is to Increase attention to setting priorities In federally funded research. 
Research priorities are currently sat throughout the Federal Government at many levels In the 
congre ss ional and executive branches However, these efforts fafl short In three ways: 1) Criteria and 
the 'decision rules* used )n selecting various areas of research and megaprojects are not made 
expttet, and appear to vary widely from area to area. This Is e problem In the President's budget and 
many pans of the congressional decision process. 2) There is currently no formal or explicit 
mechanism for evaluating the total research portfolio of the Federal Government In terms of national 
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objectives, such as a strong science bass. 3) The development of human resources and regional and 
instftutiorisJ capacity must be taken into account These criteria strengthen future research capabifty 
without compr om i si ng the qusltty of today's research. This ts now done In some agency programs, 
bm is rtf widespread. WMe not every project or agency wfi or shouW attend to those criteria equaQy, 
the to&J Pectoral research portfolio should axp H ddy reflect these concern 

Priority-setting mechanisms that cut across research fields and agencies, and that make 
eeiecBon crBerta more tran spar en t , muet be mugthen e d m both Congress and the executive 
branch. Congress should insist at a minimum, that the executive branch present and compare the 
criteria or rationale underlying budges choices. Other criteria may be considered and comparisons 
made in congressional decisions. AJsa, since megaprcject coos certainty affect the initiation of now 
projects within an agency's budget {and perhaps those of other agencies), megaprojects, Hke the 
Superconducting Super Collider and the Earth Observing System, are chief candidates for 
crosscuttfng priority setting. 

A second issue is to understand research expenditures. Many in the research community 
c'aim that increases in the "coats of doing research' exceed increases to Federal research funding. 
However, the numerous and sometimes i n con sist ent m eanin gs of 'costs,* and the lack of a suitable 
measure of "rwearcV make mis ciaim afl but impossible to evaluate. 

Specific research activities generatiy become cheaper to complete with time, due to 
increasing productivity, for example, of computers and other technotogtos* However, advances in 
technology and knowledge also allow deeper probing of rrore com 

demand for greater resources, Because success in the research environment depends haavfy on 
'getting there first* there la dear advantage to having the financial support to acquire additional staff 
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and ctfting-edge technology. Thus, apart from the Intrinsic Joy of research, competition drives up 
demarxJ for funding, in this sense, the "costs of research* wffl continue to match or outpace any 
increases fai Federal funding. 

On a less phiioscphtaaJ note, greater cost-accourrtabfllty could bo encouraged by the 
executive branch and Congress. In parttcUsr, the Federal Government shoUd seek to Ms the 
confusion around allowable indirect rosts (a visible topic these days of special concern to research 
unfcersWes). and develop better estimates of future expend&uras, especially for megaprojects where 
final costs tend to be wetl above initial estimates, (For cost scenarios of the science bass and select 
magaprojects, see attachment 5 ) 

A third Issue of congressional concern addresses education and human resources for the 
research work force (For a summary of the number of PhD. scientists and engineers in academJa, 
and d* yeas awnted-USs. Masters, and PKD.s-see attachment 6.) Recent projections of shortages 
for PhD. researchers in the mkM990s have spurred urgent calls to increase PhD. production in the 
United States. OTA beteves thai the llketibood of these projections being realized is overstated, and 
thai thess projections are poor grounds on which to base pubflc policy, in both this and previous 
OTA wor*. however, OTA has indicated the value to the Nation-regardless of employment 
opportunities In the research sector-of expanding the number and diversity of students In the 
educational pipeline (K-12 through undergraduate), and preparing graduate students for career 
paths to or outside of research. 

Participation In science and engineering at afl levels can be enhanced 8 the opportunities and 
motivations of presently underpartlclpating groups, such as women and U.S. minorities, are 
confronted. Both "set-aside* and mainstream programs could help to address these issues. 



5 March 20. 1991 



9 

ERLC 



14 



Not Justirw number of scfcnflstt tnd tng*n^ Raseerch 
in rrany fWds erf science and engineering is also moving toward • iron TndustrtaT mod* wth team 
•ffom, specialized responsfeWttes within research group*, and It* sharing of Infrastructure. The 
Fedsral Government has acknowledged these changes wth funding for centere and through btock 
grants. Perhaps it should also provide incentives for universities to experiment wfth policies 
concerning the opportunities end rewards for young Investigators, postdoctoral and nontenure 
track reeeerchsrs. 

A flnrt issue of c ong ressi o nal concern 
Batter data are needed to Inform congressional decisionmaking. Whie data collected on the 
health of the research e> stem In some areas are extensive, in other areas, date are scarce. In 
addition, most of the research agsncies, wih the sKcsption of the National Sconce Foundation and 
the National institutes of Health, devote few resources to Internal data collection. Without 
oo m p re h s neta andislew^ 

OTA suggests additional Information that could be collected for different levels of 
dec^ommktrig and account 

executive branch. (See attachment 7.) Refined tnhouse and extramural data coiection. anafysia, and 
imsfpretatlon woUd be instructive for decisionmaking and managing research performance in the 
1990s. 

How can the Nation meet these four challenges? C on gre ssiona l hearings, legislation, and 
oversight should address: 
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• crosseiming and wrthin-agency priority witting (with emphasis on criteria to expand the 
future capabilities of the research system, such as strengthening education ami human 
resources) in the a* major agencies that fund research (the Department of Health and 
Human Services, Department of Defense, National Aeronautics and Space Administration, 
Department of Energy, National Science Foundation, and Department of Agriculture); 

• coat-accountatrtWty efforts throughout the research system; and 

• the state of data on the research system to inform decisionmaking. 
This Committee ouid take the feed for such hearings. 

Similar efforts should he initiated in the executive branch (especially the Office of Science 
and Technology PoHcy, the Office of Management and Budget, and the research agencies). Not sH 
of these problems, however, can be addressed by the Federal Government, Many policies are 
dictated by the practices within universities and laboratories (both Federal and industrial), especially 
In the areas of cost-containment and expanding the educational pipeline. This Committee's 
leadership in overseeing programs at rtSF has strengthened the connections smong rm*rch, 
education, and hwian resources, and represents a foundation on which to increase these efforts. 
OTA beUeves that Congress, the executive branch, and the research performers must converge on 
these challenges. (See attachment B.) 

In the decade ahead, the Federal Government must make tough choices, In guiding the 
research system, even beyond issues of merit and constricted budgets. How do today's objectives 
and funding commitments bear on the Nation's .future capability to do research? OTA concludes 
that sustaining the research system will require more than funding, h will require new ways to 
manage the diversity and creativity that have distinguished U.S. contributions to scientific 
Knowledge, 
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Attachment i 



Summary of OTA Bate CoBacflon and Analysis on Fe*to«Sy Funded Research 



Federal Agency 
Anaiysii 



Untorsfty 
Cut SHxtes 

Bfcflometrics 



AnsJysJsof 
SQ 



eK»va*a, 

A document review 

Interviews 
Aslsvtsfis 



Oration 
Analyses 

Interviews 
A document 

Surveys 



VTewe 



Prtonty eating A funding sJocafion 



RmvEh costs A rssporisJwanass to changing 

•Hofflsiftne^fleto* 
other Indicators 

Evofuttan oT SE1 volume*, (lata presentation, & futur© 
analysts 

Sigma » members' perce^attonaol Federal 
research funding Issues 



Ssconduy dais lAfl^s/'s: 



Research Coat 
Co mpari sons 

Country Surveys 



C on gre ssi onal 
Esrmaridng 

*»* - * ■ 
NnsfoncBi 

Analysts 



Evaluation 
Analysts of 
Ifcefc Force 



W$F,NIHA 



MSMlSMRS A 

iiuttaiisnl review 

Sudgst analysis A 
document review 

Document review 



Interviews 

A document revtew 

Document nvlew 



Coats of research 



Pikjity sitting, funding evocation, A research 
evaluation to other oountrtss 

Budget Wormstion on congressional funding A 
definttoiisoreefmerfcs* 

mstedcaf analysis of research Uec li tonm aidng 
by operant branches of govemnmnt Agodsol 
dUsrent id e olo gl n al groups 

Po«M«5 developments in research evaluation 
in the U.S. A abroad 

Analysis of House bearings on edence 
policy, 106^1007 



SOURCE: 0«ce of Tecbnc^ Assessment, 1991. 
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Mr. Boucher* Thank you very much, Dr. Chubin. We extend our 
thanks to you and those who have worked with you in the prepara- 
tion of this very excellent report which gives us a sense of some of 
the immediate needs that we have in terms of managing the Feder- 
al research enterprise today. 

I notice that you recommend very strongly, and 1 certainly en- 
dorse your recommendation, that we have a high degree of priority- 
setting in terms of those projects in basic science research which 
should receive funding and in what amounts. 

We have an inherent difficulty within the Congress in accom- 
plishing that task given the diversity of jurisdiction that our com- 
mittees have and the obvious necessity for having that kind of pri- 
ority-rotting be a cross-cut among the various agencies that per- 
form research, a very difficult taw for us to accomplish within the 
Congress. That's not to say that we won't try, but there are some 
structural limitations to our ability, at least at the outset, to ac- 
complish that. 

I nave some questions for you in a minute about the role that 
you see the Office of Science and Technology Policy playing in 
helping to establish that kind of prioritization, but let me begin 
with any recommendations that you might have for how we, in the 
Congress, can play a more affirmative role than we have in the 
past in establishing that system of priority. What recommendations 
do you have for us beginning with the work, perhaps, of this com- 
mittee? 

Dr. Chubin. As we point out in the summary, there is really 
nobody who is minding the full research system and beyond com- 
mittee jurisdictions, with which every committee is saddled. Some* 
body needs to take responsibility to look across fields and perform- 
ers and agencies to get a sense of what is being proposed; what 
kinds of commitments are being made, and how particularly long- 
term commitments may inhibit the ability of the system to be flexi- 
ble over longer periods of time. 

We think that principal criteria that are now used to fund re- 
search should retain scientific merit and program-relevance. In 
other words, goals need to be coupled to the means by which they 
are to be achieved. OTA, in this report, suggests that two addition- 
al criteria should be taken into account, again not in every pro- 
gram or agency, but in some programs and for some purposes. 

These two general criteria are: strengthening education and 
human resources, which of course builds for the research work 
force of the future — people are the most important component of 
the system; and then also, trying to develop institutional and re- 
gional capacity. There are many researchers that are spread 
throughout the Nation in many universities and other research in* 
stitutions that do not receive large sums of Federal funds for re- 
search. 

While on the one hand, we argue that the research universities 
represent a precious resource for this Nation and should be pre- 
wired and strengthened, it is becoming increasingly difficult for 
them to maintain excellence across the board. At the same time, 
other universities which have been emulating what we might call a 
research university model, might beware ana also be careful about 
trying to build excellence across the board. 
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Instead, what we suggest is to try to target areas of research 
where they might be able to develop a critical mass, perhaps ac- 
quire special infrastructure and attract the appropriate personnel, 
and build on it 

There haw been some awards in the hurt couple of years which I 
think have taken this kind of approach explicitly into account Cer- 
tainly the awarding of the Magnet Lab to Florida State is an indi- 
cation here that in this ami of research, the Florida consortium 
can grow and contribute greatly. 

Mr. Boucher. Let me ask you this. We are very interested— at 
least I can speak for myself— in implementing to the greatest 
extent that we can, your recommendations with regard to estab- 
lishing priorities. Can you give me just a real clean, concise state- 
ment of recommendations that you have for ways that we, as a 
committee, can go about doing that? 

Dr. Chubin. There are the following suggestions made, and you 
might want to make reference, as well, to Attachment 8. 

One thing that we suggest is that the whole process of setting 
priorities needs to go on apart from the annual budget process, the 
ann ual authorizations process, and we suggest that within each 
Congress, once each Congress, that this committee hold a series of 
priority-setting hearings to give an opportunity both to the science 
advisor and to the representatives of various agencies to come for- 
ward with their ideas about what kinds of initiatives should be put 
forward and how they seem to balance or change the portfolio of 
their particular agencies. 

I might add that OSTP has already begun to do this in targeted 
areas through the FCCSET mechanism. They've done, we think, a 
particularly important job in the area of science and math educa- 
tion where they ve done cross-cuts across all Federal agendas at all 
levels of education, specifying objectives in programs and dollar 
amounts that need to be spent in order to achieve the President's 
science and math goals by the year 2000. This is a model* 

Mr* Boucher. So your recommendation to us would be a little 
more involvement in terms of hearings in listening to the agencies 1 
recommendations with regard to their research priorities and then 
perhaps working with the Administrative Branch, with OSTP, in a 
collaborative effort to establish priorities. 

At the risk of embarking on what some may term heresy, let me 
ask you this question. The fundamental problem we have here — 
and you'll find this virtually with any committee in the Congress — 
is getting their arms around the research enterprise. The Agricul- 
ture Committee has jurisdiction over the research that's funded by 
the Department of Agriculture; other committees have jurisdiction 
over research that's funded by the agencies over which they have 
authority. We have a broad sweep of it within the general jurisdic- 
tion of the Science, Space, aim Technology Committee, but no 
single committee in the Congress really gets its arm around the 
enure Federal research enterprise, and that, of course, is the struc- 
tural limitation that we face. 

Even if we were to have hearings within this committee of all erf 1 
the agencies under the umbrella of the Science, Space and Technol- 
ogy Committee, we still would not have the entire enterprise repre- 
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suited at the table before us, so we do have some problems in that 
respect. 

Would it make sense to encompass within the jurisdiction of a 
committee, the entire Federal research enterprise? Would that 
kind of restructuring be a sensible step to take m view of the need 
that you place before us for priority-setting in terms of Federal re- 
search? 

Dr. Chubin. Given the charter of this Committee, I believe that 
you can do that I may be mistaken. Somebody should have respon- 
sibility for doing that As soon as somebody suggests that, of 
course, there are. cries that we are trying to manage the system 
centrally. We're trying to have an over-administered system. 

OTA was very careful in this report, on the one hand, to recog- 
nize the pluralism of the system, its decentralized nature, but at 
the same time, to say that there is a need to make this process of 
setting priorities more transparent. In other words, there is com- 
parative information that needs to be developed. How does OSTP 
develop a budget along with OMB? So when we look at that chap- 
ter in the budget and we are told that this represents the priorities 
of the Administration, fine, we don't know what went into those 
priorities. 

Once those things would be presented, it would allow this com- 
mittee an opportunity to respond to them. In other words, I think 
it expands the dialogue. 

Mr. Boucher. We, just to correct one matter, do not have legisla- 
tive jurisdiction in a number of research-related fields. One exam- 
ple, as I mentioned before, is the Agriculture Committee with au- 
thoramg jurisdiction over research that is administered through 
the U.S. Department of Agriculture and there are other examples. 

I m confident that if we invited those agencies to come and testi- 
fy that they would. We could have a dialogue on the question of 
priorities but this Committee really doesr? t have the authority 
through tiie authorizing process to establish across agency lines 
that broad priority mechanism. We can't do that 

I guess that leads me then to the next question which is this. Do 
you see an enhanced role for the Office of Science and Technology 
Policy in doing precisely that? They have a unique ability to set 
priorities because that is the Administration. They have an active 
director of that office at the present time. They have had a role in 
the recent past in setting priorities in areas such as global climate 
change and high performance computing. We see those recommen- 
dations before us at the present time. 

Are you recommending a more aggressive role on their part in 
cross-cutting^ for priority-setting and if so, would you like to elabo- 
rate on that? 

Dr. Chubin. We are not suggesting that OSTP do this instead of 
Congress. We are suggesting that OSTP, particularly through a re- 
lnvigorated FCCSET mechanism, has the ability and apparently 
the^cooperation of the agencies and OMB to do just this sort of 

The problem is that it is a small operation and given their re- 
sourcesand given the fact that a large portion of their staff are on 
detail from other agencies, I think it would require an increase in 
then* resources and some direct charge for them to do this. 
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I think that a concern would be that you can do agency cross- 
cuts in targeted areas. If you start doing it for everything, then 
what you're saving is that we have no priority among these target- 
ed areas, that you can do this for high performance computing and 
you can do it for math and science education and for global change, 
but it may be much more difficult to add 15 or 20 other areas m 
which todo it. , „ .. „. * 

I think the agencies do strategic planning all the tune ana 1 
think that there is a need to try to get some of their more future- 
oriented planning out on the table. - 

Mr. Boucher. Are you recommending a resource increase for the 
Office of Science and Technology Policy in order to do more pnon- 

ty E? tt QffUBW. I don't believe that saddling any executive agency 
and OSTP with more responsibility and expecting them to do a 
better job with the same amount of resources makes much sense. 

Mr. Boucher. So the answer is yes, then. Let me ask one final 
question, then I'll yield to my colleagues. 

We are probably going to hear from some of the witnesses on the 
second panel today a suggestion that priority-setting really is not 
that important, that all we need t do is spend more money and 
that if we spend more money, the proposal pressure at the various 
agencies will lessen. We can fund more science projects, and that 
solves the problem. . 

I have the sense that it may solve the problem in the short term, 
but in the long term, as more scientists come into the system that 
proposal pressure is simply going to build up again and well be 
right back two or three years from now where we are today. Am I 
right about that? ™ . . 

Dr. Chubin. We share your concern, Mr. Chairman. Let me make 
it very clear that we have said in this report that the Federal Gov- 
ernment could invest more in research. What we do not believe is 
that an increase in funding, which would relieve some of the stress 
in the short run, would not create some new problems in the long 
run. In other words, it would perhaps stem some of the stress, but 
that it would be visited upon the system once again. In other 
words, there are some strings attached. 

Mr. Boucher. Thank you, Dr. Chubin. 

The gentleman from California? 

Mr. Packard. Mr. Chairman, thank you very much. Let me yield 
to the Ranking Member of the Full Committee, Bob Walker for any 
statement or questions that he might wish to have. 

Mr. Walker. Thank you very much. . 

I do have a couple of questions, if I could. The whole business of 
priority-setting is, of course, a major concern of this committee and 
others in the Congress, but what I fail to see in your report or I m 
told in your testimony, is any addressing of the priority-setting 
that Congress does do through essentially pork-barreling in science. 
That we have now developed a pattern where the authoring com- 
mittees are frozen out of much of the priority-setting as the Appro- 
priations Committees simply set priorities by allocating funding 
based upon who happens to have a clout in the conference commit- 
tee that s meeting on any given day. 
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Could you comment a little on that and suggest any remedies 
that we might have for this kind of almost informal priority-setting 
that goes on at the present time? 

Dr. Chubin. Mr. Walker, in the full report— which I'm afraid we 
don it have yet— we develop a discussion with some data and analy- 
sis of trends and earmarking over the decade of the 1980s. 

Mr. Walker. That's a nice term for it 

Dr. Chubin. To distill what we say in that little discussion is that 
earmarking is used for all sorts of purposes and that it is very 
clear from the information that we have gathered and also from 
speaking with many people in the research agencies, that earmarks 
are disruptive to agencies and agency planning. In other words, 
very often, almost always, the money that goes for an earmarked 
project does not go for something that on grounds of merit anu mis- 
sion, the agency would have preferred to have supported. 

Atoo, for purposes of redressing inequities in the distribution of 
Federal research funds, earmarking doesn't work very well in that 
there are some States that are major recipients of R&D funds 
through the agencies, through peer review, who also gather large 
amounts of earmarked funds. 

We, of course, given the scope of this study, would not be in favor 
of endorsing earmarking. We also know, given the — 

Mr. Walker. So you are not in favor of earmarking? 

Dr. Chubin. Yes. 

By the same token, there are programs that have been devel- 
oped—and we should particularly credit NSF here, the EPSCoR 
program, the Experimental Program to Stimulate Competitive Re- 
search which is oriented to those States which receive the least 
amount of Federal R&D funds— use a merit- based or scientific 
peer review-based system for allocating funds as a way to build ca- 
pacity in the system and it has worked quite well. 

Indeed the 101st Congress mandated that DOD, DOE and EPA, 
themselves, develop EPSCoR programs. I believe USDA also has 
one. So there are ways to build what we are calling institutional 
and regional capacity into the system. 

Mr. Walker. I think your answer is very helpful because the 
mam argument for earmarking has been that somehow we are 
overcoming the problem of ail the major research institutions 
Dominating the peer review panels and so, therefore, all the money 
gets allocated to a handful of universities, and that somehow, with 
earmarks, the Congress is overcoming that. 

I will be interested in your data to indicate that isn't the case 
be 0 ?"** J_ think the problem is that what we tend to get are 
projects that do not reflect any kind of scientific input but, rather, 
arepohtical creations. 

We had a situation last year where we earmarked money for a 
project in one State and when the press went to the university in- 
volved and asked them what the money was going to be used for, 
they said they weren t quite sure. They were glad to get the money 
and they were sure that they would use it somehow. That is not 
exactly Prjorh^ research then that gets done. I think we've got to 

Let me ask you this about well-organized research. I think that is 
probably an area where this committee does have some ability to 
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be helpful, but is there any merit in looking at some reorganization 
of the executive Branch that would also move us in that direction? 

The Chairman of this committee and myself have, over a period 
of years* talked at least peripherally about putting together a de- 
partment of Government that would focus on civilian research. 
Maybe a Department of Science, Space, Energy and Technology, 
something that would pull some of the disparate elements together 
so that there is a consistent organization so that then* presenta- 
tions to OMB reflect a consistent pattern and so that there is some- 
body at the Cabinet table who consistently talks about the research 
agenda of the country. 

Would that be at all helpful in terms of addressing some of the 
issues that you have raised in the report? 

Dr. Chubin. We don't think so. Sorry. 

Mr. Walker. It's important to know. ... „ _ „ 

Dr. Chubin. We think the system has worked quite well actually 
for a long time and the ability of researchers to go to different 
agencies and the ability of different agencies in some ways to 
divide the labor in supporting different research areas, is the 
strength of the system. 

The problem is we don't always know which agencies are sup- 
porting which research, and which are overlapping and which 
things are falling between the cracks. 

Science and engineering research are so embedded now or inter- 
twined with the investments that this Nation makes, that trying to 
pull them altogether into one agency doesn't seem to make much 
sense to us. , 

The down side is, this is a more difficult system to manage be- 
cause there are so many agencies that support research. 

Mr. Walker. The only argument I would make to you is that for- 
eign policy also dominates the agenda of virtually every aspect of 
our national life, and yet we have a Department of State that has a 
job to da Business overlaps nearly every jurisdiction we have in 
the country, yet we have a Department of Commerce. I mean, 
somewhere along the line, just having the focus is important, but I 
think your point is a good one and I appreciate your making it. 

Finally, is there going to be any comment in the report with 
regard to some of the investigations going on elsewhere on toe HiU 
that is also going to dominate the priority- setting, namely the fact 
that universities have seen fit to off-load onto the research budgets 
a lot of things that are distinctly not research-oriented? Is that not 
going to undercut our ability to set priorities in the future and is it 
not going to undercut the ability to come up with sufficient monies 
to do the research agenda? I'm talking about the Stanford prob- 
lems and those kinds of things. 

Dr. Chubin. In the full report, Mr. Walker, we do have a chapter 
devoted to costs of research. We have not done the kind of financial 
audit that either GAO or Mr. Dingell's committee has undertaken. 

Indirect costs, in our mind, have really been a black box in that 
every university has a different cost accounting scheme making it 
very difficult to compare what is defined as an indirect cost, what 
that university decides to ask the Federal Government for reim- 
bursement, and because of that, we are just now, I think, starting 
to see how different universities deal with this. 
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Now, the short answer is that universities will probably start 
transferring more indirect costs to the direct cost line. The longer 
answer is mat X believe there's more than just financial account- 
ability going on here. In other words, we're talking about the qual- 
ity of life on campus and universities have got to devise ways of 
dealing with that 

There's as much tension probably between the Stanfords and the 
other universities that will be investigated and Congress as there is 
between the academic administrators on those campuses and their 
own faculties about monies that go into the indirect cost line. 

Finally, I would say that what we're really talking about here is 
how research bears on the education mission of universities. They 
are very much intertwined and universities are going to have to 
decide how they then account for those costs. So I think we are just 
starting to understand what's going on. 

Mr. Walkbb. Again, I think that's useful. I will tell you I think 
that its going to be very difficult for this committee or any com- 
mittees in the Congress to deal with research and development 
money if we think the money is going to pay for furniture for the 
president s living quarters. That is not going to enhance the ability 
to deal in a serious way with research projects on Capitol Hill. I 
think its very important that we begin to understand the indirect 
cost issue and understand it in ways that help us focus on how we 
want our money to be used once we apportion it to the universities. 

Ms. Robinson. We agree with you, Mr. Walker. We believe that 
any efforts that can be put forward to make this indirect cost more 
transparent so we understand what goes in there, would be a defi- 
nite help for this problem. 

Mr. Walker. I thank the gentleman from California for yielding. 

Thank you, Mr. Chairman. 

Mr. Boucher. The Chair thanks the gentleman and would note 
at this point that this subcommittee does intend to begin hearings 
rather shortly in the month of April on the question of indirect 
costs for university-based research and your participation in that 
would be most welcome. 

The gentleman from Florida, Mr. Bacchus. 

Mr. Bacchus. Thank you, Mr. Chairman. 

Id like to begin by identifying myself with the remarks just 
made by Mr. Walker. Those of us who serve on this Committee and 
on _tne Subrommittee do so, in part, because of our belief in the im- 
POf^ce of scientific research in the future of this country. 

The President has recommended a significant increase in scien- 
tific research for this year. I support that recommendation as I 
think many of the members do, but given the budget agreement, 
were going to have a hard fight ahead of us in the House and in 
the Senate to toy to get those increases through. 

Headlines about Stanford University and other problems we're 
teeing in terms of accountability do not help us at all I think we 
need to rid our Government of waste wherever it exists and if it 
exists in research spending, we need to do precisely that 

1 ™ A fwuck, sir, by something that you said just a moment ago 
that I think echoed something in your comments in testimony 
about the quality of life on campus. I represent Central Florida. On 
Monday of this week, I met for several hours on the campus of the 
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University of Central Florida with the department chairs and some 
other professors in the scientific fields. 

Professors from chemistry, biology, statistics, physics, and other 
departments shared with me their concern about the quality of We 
on the campus. They are concerned about instrumentation needs. 
They are concerned about facilities needs. But most of all to a 
person, they were concerned about quality of life and they were es- 
pecially concerned about the lack of incentives to encourage young 
people to go into science and into mathematics, and to make those 
fields their career. 

I noticed in your testimony that on page five you express some 
doubt about the projected shortages that are frequently talked 
about in terms of science and math professionals. People at the 
University of Central Florida on Monday believe those shortages 
are real. My guess is you're merely saying they ve been overstated. 

Also, you talk about incentives as well and you say, Perhaps it 
should also provide incentives for universities to experiment with 
policies concerning the opportunities and rewards for young mves- 
tigators, postdoctorates and nontenured track researchers. Tms is 
precisely what concerns those people that 1 met with on Monday. 

Could you perhaps elaborate on these incentives, on the short- 
ages and on what * nds of incentives you would recommend we 

pursue? , , - 

Dr. Chubin. The reference to both opportunities and re wards for 
those categories of researchers who are not principal investigators, 
that is really the referent of that comment What we have among 
the ranks of postdoctoral researchers and nontenured track re- 
searchers are people who were trained in research under a mentor, 
they were socialised to believe that they will have the opp>rtunity 
to become principal investigators; that they will in fact be able to 
emulate, if they choose to go into the university as an employment 
setting, to emulate the career pattern of their mentor. 

What we are seeing now is that because of funding stresses, be- 
cause of competition, that many of those people are not being given 
those opportunities. They, in some ways, are trapped in a support 
position, working for a major professor. 

At some universities nonfaculty are not allowed to submit pro- 
posals. They are not given the status that allows them to become 
principal investigators, so one thing that we suggest w, perhaps 
that policy should be reexamined and universities could easily do 

th Another opportunity that we think the market will bring is that 
if enrollments, as predicted, increase in the mid- 1990s, there 
should be more demand for faculty. In other words, there should be 
more opportunity for people to get faculty positions and maybe this 

problem will take care of itself. It's not clear. 

With regard to shortages, OTA's position is really twofold and 
we've done two other pieces of work on this, so let me just briefly 
restate our position. We think that at the doctoral level, market 
signals and market forces will takt care of the need for Ph.us. If 
there is going to be a shortage, it will occur at the baccalaureate 
level The baccalaureate level means that the support personnel for 
research would be a factor, not researchers, because most research- 
ers are going to get a Ph.D. 
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The concern we have at the same time is that there are some 
segments of the student population, and we name those — United 
States minorities, women, the physically disabled— for whom with* 
out some policy intervention, they will not get an opportunity to 
participate in these careers. They will not be recruited. They will 
not be retained without some programs in place. In other words, 
they have been chronically underrepreseuted. 

Mr. Bacchus, So you're recommending set aside programs for 
women and minorities? 

Dr. Chubin. Not necessarily set aside programs. They have been 
viewed as set aside programs. If the criterion of strengthening edu- 
cation and human resources is taken as a criterion for funding in 
some programs, then it could be used in mainstream programs as 
well after scientific merit of the proposals has been identified. 

Mr. Bacchus. Educate me, sir. Is there any element of affirma- 
tive action in our current distribution of these Federal research 
dollars? 

Dr. Chubin. I'm sorry? 

Mr. Bacchus. Is there any element of affirmative action in our 
current distribution of these dollars? 

Dr. Chubin, In other words, are there programs that— 

Mr. Bacchus, Are there programs that specifically provide incen- 
tives for women and minorities to participate? 

Dr. Chubin. Yes. There are many programs at NSF and NIH 
particularly. 

Mr. Bacchus, And they recommended increasing them, I believe? 

Dr. Chubin. Yes. The problem here, Mr. Bacchus, is that the 
money for those set aside programs is usually quite modest So 
there are a great number of programs that are targeted to women 
ami minorities which are just not very well-funded to reach a large 
number of students at various levels by way of the education 
system. But their impact is less than they might be if those funds 
could be increased. 

The problem is that in tight financial times, people view this as 
more of a luxury and that it's detracting from mainstream pro- 
gramming. 

Mr. Bacchus. As I hear vou, you would like for us to increase 
that funding but also based on your earlier testimony, you would 
like us to spread the money around a little more as well? 

Dr. Chubin. As we point out in the report, there are many com- 
peting "goods". There are many things that need to be done and it 
depends upon— 

Mr. Bacchus, But they don't all have to be done at Stanford? 

Dr. Chubin, It depends upon what the objectives are and whose 
priorities they are. I guess what we're saying is you can't optimize 
on all of these things simultaneously. 

Mr. Bacchus. Thank you and thank yon for your comments 
about the Magnet Lab at Florida State University. 

Dr. Chubin. Thank you. 

Mr. Bacchus. The gentleman from California? 

Mr. Packard. Thank you, Mr. Chairman. 

I would like to have you discuss in more detail what the report 
says and what your reviews show on big science versus small sci- 
ence. And also on large scientific projects, what steps are taken to 
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determine and what are some of the criteria that ought to be used 
in determining where big science goes? 

I think there is a general feeling that they tend to congregate 
into specific geographic areas or certain universities capture more 
of them and so forth, and I'd be interested in further comments in 
those areas, please. 

Dr. Chubin. Attachment 5, Mr. Packard, tries to show the crystal 
bail that we looked into in trying to estimate the relative impacts 
of megaprojects, the funding of megaprojects and also the funding 
of what we call the science base. 

It's hard to get a handle on this one, we think, because the esti- 
mates on megaprojects seem to be inconsistent Some of them in- 
clude just construction costs, some of them start factoring in oper- 
ating costs. We do not have a good sense of what goes into those 
cost estimates or what the criteria are for developing them, 

Let's go back to what we put into this attachment Starting with 
1990 dollars, we estimated a 3 percent growth in the science base 
which is listed in the lefthand column with megaprojects piled on 
top of them, so you can see the contour of that curve. 

If you look to the right, if you include the megaproject funding, 
there seems to be an advene impact on the amount that would go 
into the science base and because there is a history of cost in- 
creases in megaprojects over time, what we did for good measure 
on the bottom two charts is just doubled this 3 percent growth, 
again with just funding for megaprojects piled on top of the science 
base on the left, and then what happens if you have 6 percent 
growth on the right Again, a bigger chunk is taken out of the sci- 
ence base. 

This is OTA's way of saying that although there is no place— this 
really gets hack to Mr. Boucher's point about no committee can get 
its arms around the whole system— but if you tabulate all of the 
megaprojects and look at them this wav, versus what often is iden- 
tified as individual investigator or smaller science, there is a trade- 
off here. 

So what we're suggesting is that these outyear mortgages, as 
they are sometimes called, that are incurred by megaprojects can 
have long-term adverse impacts on what can be done in the science 
base. In othpr words, it will force some other choices for particular- 
ly the NSFs and the NIHs of the world. 

Would you like to add something? 

Dr. Andeun, Let me make a comment about I guess tying to- 
gether what one might do to oversee the agencies and the question 
of megaprojects. 

In bringing any agencies before the Subcommittee or Committee, 
whether they are those directly in your jurisdiction or those 
coming out of courtesy, the Committee could ask issue? of how did 
you establish the merit for the package of proposals you have 
brought to the Congress; to what extent will this package of activi- 
ties, if approved, anect the development of future scientific human 
resources; to what extent will it affect today's institutions and fa- 
cilities and how will it affect those in the future— those just relate 
to setting today's priorities, if you will, and beginning to build to- 
wards the future. 
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To bring in megaprojects for those agencies that have such mega- 
projects now or where you might suspect they would in the ftiture, 
you can ask questions not unlike how does this project's obligations 
change over the ftiture if the total finding available in the future 
were to increase dramatically, not increase so much, be held rather 
tightly, saved by the budget reconciliation agreement; how would 
the acceptance of this megaproject today affect your flexibility in 
the future; what other major megaprojects, if you will, might you 
bring in over the next 5 or 10 years, and again, how might the rate 
of change of total budget over the next 5 or 10 years, the accept- 
ance of today's megaprojects and the accuracy of the estimates of 
today's megaprojects affect whether or not you can bring some- 
thing new into the future? 

Without listing that list again, and I recognize it was a long one 
with some parenthetic comments, the point is that the decision 
today about any given megaproject or any package of them across 
agencies, depends almost as much on what your estimate is of the 
future funding capabilities of the Committee and the Congress be- 
cause otherwise you don't know how big a bite this will take out of 
the base research, if you will, the smaller investigator, bread and 
butter projects, and you don t know without knowing what new 
major projects are coming on line— this attachment assumes no 
megaprojects anywhere for the next decade, otherwise either the 
funding envelope has to go up faster or there's a bigger bite out of 
the base research. 

Many agencies, if you talk to them, will be talking about new 
plans, There's new space plans. There's new Department of Energy 
research plans, and those are not in this. So today's decisions 
depend upon your best judgment of what you'll be able to do in the 
future and the agencies' remarks and your judgment of the accura- 
cy of those remarks as to the costs of what they are now proposing 
over that same future. 

Mr, Packard. It appears to me that we need to consider a priori- 
tizing system for big projects or megaprojects independent from 
small projects because they simply are not the same and there 
needs to be also, it appears to me, a prioritizing system between 
megaprojects and small projects because again the funding often is 
significantly affected in both areas by the other. 

Then there needs to be an overlay of geographies because again, 
there is the perception that some States are getting most or many 
of the big projects, and I think that may have an influence. Then, 
of course, you have the interagency problem with megaprojects, all 
of which is so disjointed that often, at least from my perception, 
megaprojects are now being and have been in the past, in at least 
the 8 years that I've served on this committee, have been evaluated 
and prioritized on a case-by-case basis rather than having some 
fundamental or underlying prioritizing system or steps through 
which we could go to evaluate whether the project is worthy or not 
and ought to compete or not 

A good case in point is the SSC, the super conducting supercol- 
lider, which we evaluated almost totally oblivious of other big 
projects or small projects for that matter, and it was simply evalu- 
ated on its own merits without any real fundamental system of 
evaluation. I suspect we do that with other projects or megapro- 
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iecta and I can think of two or three others that in my judgment 
have been handled much the same way over the many years. 

Are you suggesting, or do you have anything in your report that 
suggests a different or more improved way of evaluation of mega* 
projects? 

Dr. Chubin. I think you stated it well, Mr. Packard. There is a 
need for some systematic look across these projects ard across the 
agencies which end up housing them. Then there needs to be some 
way, particularly as the megaprojects themselves are still under 
construction, there needs to be some interim measures of how they 
are satisfying the various objectives that have been set out for 
them. 

If the SSC has an educational function, then by the mid- 1990s, 
we should have some interim measure of that 

Mr. Packard. I believe that would certainly lend itself, if we had 
such a policy and such a procedure, to addressing Mr. Walker's 
concern and that is that politics often drives the big projects rather 
than the merits and other facts. I think that's something this com* 
mittee could probably best address and perhaps OTA also. 

Thank you, Mr. Chairman. 

Mr. Boucher, The Chair thanks the gentleman and recognizes 
the gentleman from Maryland, Mr. Gilchrest 

Mr. Gilchrest. Thank you, Mr. Chairman. 

I guess anybody up there can answer this question. I'm trying to 
grapple and understand what Mr. Packard is saying and everybody 
up here about the priority-setting for megaprojects. Small projects 
seem to be a little bit political. It depends on region. It depends on 
who has the most clout, I suppose, to get the limited dollars. 

Could I talk in an ideal sense for just a minute? Speaking ideal- 
ly, considering the state of the planet — and I consider the state of 
the planet to be different in 1990 than it was in 1890, and it cer- 
tainly will be different in 2090 than it is right now due to popula- 
tion, global warming, a whole range of things. So when all of these 
dollars are spent on all of these research projects, what, in vour 
opinion, would be— maybe what should be the criteria used for 
prioritizing research in the United States? 

Let's just for a second take everything else away, where would 
our money best be spent for research as far as global warming is 
concerned, alternative fuels, population growth, the ozone layer, 
stimulating curiosity among public school children to go into the 
scientific and math fields, those kinds of things? What should be 
America's priorities for research? 

Dr. Chubin. Mr, Gilchrest, I think the short answer is that this 
is Congress' job to decide because Congress is trying to serve the 
public interest and is trying to attain national goals. Scientists will 
always want to advance knowledge, as well they should, and in the 
process, if they also happen to improve the technological innova- 
tiveness of the country, if they happen to improve the state of eco- 
nomic development in a State or region, all the better. 

Those are objectives now that have been attached to basic re- 
search and the pursuit of scientific knowledge. So criteria have got 
to correspond with objectives. 

John? 
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Dr. Andelxn. I might add that again one of the reasons we sug- 
gest serious congressional hearings and perhaps removed from the 
budget process is to talk about the issue of what the Nation, the 
Congress representing the Nation, wishes those national goals to 
be. 

What we note is that once the budget is effectively parceled out 
by agency, the research priorities become rather straightforward, 
whether they meet those agencies' goals and not whether some- 
thing in one agency is better or worse than the project last funded 
or not quite funded in some other agency. It is already divided up 
by agencies, by Committee and Subcommittee jurisdiction. The 
same tiling occurs in the appropriations process once the full Com- 
mittee makes its rough cut to Subcommittees, This cross-cutting 
priority setting, which I suppose we could have railed "thinking 
about the Nation's goals", its been done* 

The issue is finished and you're beginning now to argue within 
an agency and presumably if the agency has done its job well, and 
many do. Hie priorities are pretty well lined up with what they've 
been told to accomplish. 

What you can explore by higher level, broad hearings is just the 
series of questions you addressed to us, which is what are the Na- 
tion's best priorities for late in the 20th century as we approach a 
21st century with different kinds of global pressures— Mr. Walker 
suggested that clearly; different demographics of the United States; 
different economic conditions. It is very much what Congress is 
here to help think about. 

We're suggesting the kinds of questions you can ask even individ- 
ual agencies to get a picture of how their agency or agency's 
present mission starts to meet what you might think of as broader 
national goals. 

It isn't that in one year any one authorization or appropriation 
process or even a Congress, this all gets straightened out, but if we 
can just learn to ask the right questions, begin to get some sense of 
the credibility of the agencies in responding to those questions, we 
begin to build a basis on which we ran iud$e national priorities 
better and whether the agency's individual missions add up to that 
national priority. 

As Daryl said, the FCCSET cross-cut on science and math educa- 
tion looks pretty good but we're saying that megaprojects by being 
so large, by having such a large present and future claim on the 
budget, in a sense ought to be considered cross-cutting by them* 
selves, even though any one of them fits rather nicely in the 
agency budget. 

That, I believe, was alluded to in the testimony and was certain- 
ly discussed in the summary and the main report. 

Mr. Gilchbest. Thank you. I know I need to do this and all of us 
to a degree I suppose, is to keep our eyes and ears open and the 
best thing we can do up here, I guess, is to ask the right questions. 
Thank you. 

Thank you, Mr. Chairman. 

Mr, Boucher. The Chair thanks the gentleman and just has one 
further question of this panel 

It seems to me that one of the reasons that we have made so 
many scientific advances and then flowing from that, advances in 
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technology over the years, is the willingness that our researcher 
enterprise has had to invest in long-term and high-risk research. 

I wonder in the couroe of your study if you have found any ad* 
verse effect on long-term and high-risk research that flows from 
the kind of proposal pressure that the agencies are having today, 
and if you have detected any such adverse effect Do vou find it 
more in the peer review project agencies such as the NSF, or do 
you find it more in an office like the Office of Naval Research 
where essentially a single project manager makej the decisions on 
which projects will get awards* Dr. Chubin? 

Dr. Chubin. Let me say something about NSF and then Dr. Rob- 
inson will say something about ONR 

One problem that has been identified certainly is that research- 
ers are having to spend more and more time in writing proposals 
as opposed to doing research. That's almost an operational defini- 
tion of proposal pressure, that more are being dumped into the 
system in order to get funding. 

Some people say— and Fve heard this said more about NIH, 
though I haven't seen anything with data to support this — that 

Sroposals are actually getting better. Whether that means they are 
oing more research that's being reflected in the proposal itself re* 
mains to be seen. 

Other researchers claim that the system is getting risk averse 
and that there's mundane or mainstream ideas that are being put 
into proposals in order to satisfy expert peer panels. 

NSF, in part, has acknowledged this by developing yet another 
program, to their credit, which gives up to $50,000 for a small 
grant for what they call experimental research, which allows the 
program manager at his or her discretion to decide whether this is 
a good idea. And in a sense, it's seed money for that investigator to 
pursue that idea and then to reenter the system, or attempt to re* 
enter the system by submitting a full-fledged proposal that would 
be reviewed competitively. 

I guess that's one way of saying that even NSF, which funds cut- 
ting edge research all the time, is saying that in order to counter 
this tendency that may be out there, well have this small grants 
for experimental research program. 

It's clear that at the two agencies where peer review has been 
the primary input to decision-making, NSF and NIH, that program 
relevance — another way of saying "manager discretion"— is more 
and more being exercised. In other words, peer panels, peer evalua- 
tions are certainly the primary input but they axe not automatical- 
ly the basis for deciding who gevs and who doesn't 

Mr. Boucher, Are you suggesting by that that the proposal pres- 
sure itself is having an effect at the peer review agencies of in- 
creasing manager discretion? 

Dr. Chubin. Well, NSF, itself, did in an in-house study that they 
released last August saying that they were being besieged with pro- 
posals and they have to find some ways to streamline their paper- 
work in order to continue to be selective of the most meritorious 
research. So proposal pressure doesn't refer only to what the re- 
searchers are feeling, it's also what the agendas are experiencing. 
Mr. Boucher, By the answer is yes? 
Dr. Chubin. Yes. 
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Mr. Boucher* Let me go back to my first question which is this, 
do you detect an adverse effect on high-risk research, getting those 
proposals funded because of the proposal pressure that exists 
today? 

Dr. Chubin. If you're asking whether I think that high risk pro- 
posals are being declined funding more than they were in the past? 
Mr, Boucher, Right 

Dr. Chubin. Members of the agencies who work in the agencies 
at various staff levels claim absolutely not. 
Mr. Boucher. Do you believe that? 

Dr. Chubin, I never believe entirely what the agencies tell me. 
That's my job, not to. 

Mr. Boucher* What is your opinion based on the work that 
you've done and the research that you've done? 

Dr. Chubin. I think there's a lot of latitude within programs, 
within agencies. The high-risk agencies are still high-risk* Every- 
one says DARPA is doing it the way they always did it, and the 
lower-risk agencies— I'm not sure who I'd want to put into that cat- 
egory— I think there's a lot of variation within those agencies as to 
the kinds of proposals that they fund, that they see as high risk 
and others that tney do not. 

Mr. Boucher. I don't want to dwell on this at great length. It's a 
relatively minor point in the great mix of issues we're talking 
about today, but I would like to yet just one clear answer to this. In 
those agencies that fund both high risk and for the sake of discus- 
sion, low risk kinds of projects, do you detect any bias now against 
the higher risk kinds of projects as the results of proposal pres- 
sure? 

Dr. Chubin. I didn't mean to be evasive before, but I don't think 
there is a bias in the agencies on this particular dimension. I think 
the agencies have got to balance various kinds of criteria and I 
think that they do a fine job at that. 

Mr. Boucher* All right Thank you. 

The gentleman from New York, Mr. Boehlert? 

Mr, Boehlert. Thank you, Mr. Chairman. 

I must confess to all of you that I am as frustrated a member of 
Congress as you can find because I agree that we have to set prior- 
ities. We just can't do all things for all disciplines and simulta- 
neously, but the problem is we rely on the advice of experts— as 
you might expect, we're generalists — to help us set the priorities. 
The frustration element gets at a very high level when we talk to 
the experts and very few of them are willing to discuss the merits 
of any project outside of their discipline. 

I could address my favorite topic, the superconducting super col- 
lider, and I get a narrow discipline in the physics community that 
will tell me it's the greatest tiling since sliced bread. Privately, I 
get people all over the scientific community saying, we think 
you're on the right track, we don't think this is a high priority. We 
think there are others that deserve a much higher priority. Pri- 
vately, they say that Publicly, it's something quite different. 
Hint s the frustration. Can you help me? Can yea calm me dowu a 
litfee bit? Can you guide me in the right direction? 

Dr. Chubin. I'm afraid I can disillusion you further. Do you want 
to say something? 
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Dr. Andkun. Let me give Daryl a chance to decide what he 
wants to say and make a comment of my own. 

I think you're asking— no, you're asking what looks to you to be 
the same question of those different groups. I think, in fact, they 
are answering different questions. When you ask— it doesn't matter 
which project— the discipline about it, they're telling you about the 
narrow, scientific merit of that project ana they're telnng you a hit 
about how it ties into the future of that discipline. They have that 
in mind. 

When you ask those in another discipline, they may be saying, 
well for the development of scientists and engineers for the future, 
for the breadth of the field, for the way in which we would build 
facilities that have uses beyond the discipline, for our interests, 
then this project— whatever the projects may be— will be evaluated 
differently. 

So within the discipline, they are answering a disciplinary ques- 
tion. When you cross disciplines, they're talking about what I guess 
we'd describe as the health of the whole scientific establishment. It 
doesn't mean that either answer is wrong. They are just, I think, 
the same question means different things to different people and so 
you would expect to get different answers. 

One of the reasons we suggest that Congress can decide what 
you'd like scientific research to accomplish, you might then— and 
there's a list of goals we mentioned earlier and we can talk about 
again — then you have a better idea how any given project or field 
fits into those, or activities within a field then you might get a 
somewhat more consistent set of answers. 

You could ask the proponents of the SSC or any of the other me* 
gaprojects what they intend to accomplish on a number of national 
goals— pick your national $oals— and if one of them is the advance 
of science or energy physics, I suspect you'll get a very positive 
answer. As you go into other fields, you may get, well we haven't 
thought about that or it too is very positive. 

Mr. Boehlsrt. Well, let me ask you this. Why do you think there 
is such great reluctance— believe me on this subject I've talked to 
some of the most distinguished scientists in America —to say pub- 
licly what they are willing to say to me privately? 

Dr. Andkun. I would be surprised if that weren't true, I suppose. 

Mr. Boehlkrt. But why? I'm faying to get the why. 

Dr. Andkun. Well, we re saying gentleman's agreement not per- 
son's agreement for science — 

Mr. Boehlkrt. Are they afraid of getting verbally spanked by 
their colleagues and their discipline? 

Dr. Andkun. But also if you're not in a given discipline, you 
can't easily judge the leading edge in that other field and so it's 
hard to make a statement about whether or not some project or 
area or funding increase is or isn't valuable to that other field. 

Again, I think if you can ask a question that's constrained 
enough in words that everybody knows what it means and it means 
the same thing to all parties, you may get more consistent answers. 

Mr. Boehlkrt. The Industrial Research Institute, for example, 
was asked to prioritize five megabucks science projects, for want of 
a better description, in terms of their contribution to the competi- 
tiveness of the United States. Human genome came out number 
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one. Space station came out two. Number three was the national 
aerospace plane. Number four— surprise — SDI, and number five 
was the SSC, but that's sort of a broad base, anonymously an- 
swered survey of 200 or so professionals in the private sector. 

Dr. Anbeun. But that question is tightly enough phrased that 
you might get roughly that same answer, or a mix depending on 
the individual. It may be shuffled differently, but you'd get individ- 
uals to answer that question because you re saying judged on a 
competitiveness criterion, a how do these rank, u you ask, judged 
on the development of scientists and engineers over the next 
decade, how do these rank; if you ask, judged on the utility of 
whatever it is you're spending money on to build institutional ca- 
pability oV maintain institutional capability, how do these rank; or 
ask about the development of new material or new technologies, it 
depends on your question— if you ask about Nobel prizes— 

Mr. Boehlert. So we have to be more precise and more narrow 
in our phrasing of thequestion? 

Dr. Andelin. Yes. There's ten questions you could ask, not one. 
If you ask one, you'll get the answer that fits the perron depending 
on where he or she is sitting and what they think is the question. 
If you ask it very specifically, they'll say I don't know, which is a 
legitimate answer or they'll help you sort it out 

Dr. Robinson. We aim believe in this report that there should be 
recognition of what the role should be of the different communities. 
We don't put much stock in the science community being able to 
generate cros^cutting priorities. They don't have any mechanism 
to do it They don't know how to do it, and they've shown in the 
past that it is very difficult, just like you've mentioned. 

We feel, though, that it is the role of Congress and the role of 
others to apply additional criteria beyond just strict scientific merit 
and disciplines to order throe priorities. So instead of relying on 
the science community to come up with the broad priority-setting 
structure, which they have shown to be unable to do and which we 
don't think they can do, Congress needs to take this on itself and 
also ask the Executive Branch to come up with a crass-cutting pri- 
ority set 

Mr. Boehlert. Well, 1 accept your challenge and this year on 
this full committee, Subcommittee on Investigations and Oversight 
we're going to be working the problem, as they say in this town, 
and we'll look to you for some guidance as we very carefully craft 
very specific questions because quite frankly, the only reason I'm 
on this committee is when I came to Congress as a freshman in 
1982, the wizards of the back room looked at my background and 
said, Boehlert got a D in high school physics, he belongs on the Sci- 
ence Committee. 
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)EHLKET. I say that and it's true, but we are general iste up 
here and we're constantly reaching out for the best advice we ran 
get We're talking about billions and billions of dollars — they're not 
my dollars, I contribute a few to the Treasury but they're your dol- 
lars. 
Yes, Doctor? 

Dr. Chubin. Mr. Boehlert, we'd be happy to help you craft some 
of those questions. 
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Mr. Boehlert. Thank you so much. You've got a deal. 

Thank you, Mr. Chairman. , 

Mr. Boucher. The Chair thanks the gentleman and thanks this 
panel for its presentation this morning. We may have some follow 
up questions for you in which case, we'll submit those in writing. 

We now welcome our second panel of witnesses for the day, Dr. 
Roland Schmitt, the President of Rensselaer Polytechnic Institute; 
Dr. Rust urn Roy, Professor of Physics at Pennsylvania State Uni- 
versity; Dr. Leon Ledennan, President of the American Association 
for the Advancement of Science; and Dr. Douglas Lauffenburger, 
Alumni Professor of Chemical Engineering at the University of Illi- 
nois. 

We welcome our second panel. Without objection, your written 
statements will be made a part of the record and we would ask for 
a 5 minute summary of your statements orally, and we will be 
happy to recognize the first gentleman to be seated who I believe is 
Dr. Schmitt. We'll be happy to begin with you, sir. 

STATEMENT OF DR. ROLAND SCHMITT, PRESIDENT, RENSSELAER 

POLYTECHNIC INSTITUTE 

Dr. Schmitt. Thauk you, Mr. Chairman. 

I have learned from reading the papers and the comments in this 
room that university presidents, when they appear before congres- 
sional committees these days, have to establish some credibility. I 
want to spend a minute doing that. I think that with Congressman 
Boehlert, I have already have it, I hope. 

I've spent 3 years as a university president, 87 years before that 
in industry, in a position that turned out many, many innovations 
that have produced billions of dollars of commerce for the United 
States, cat scanners, magnetic resonance imagers, high perform- 
ance polymers, jet engines, lighting and so on, a lab which pio- 
neered in many of thes^ areas and won in many of them against 
the Japanese as well as others. 

I also come from a university in which our administrative costs 
are going down. Our overhead rate is going down. Thare are no 
flowers in the president's house paid for by taxpayers' money and 
where a minuscule fraction of our research support comes from the 
Japanese, and that only with the concurrence of our American 
partners, whereas a larger fraction of our research is supported by 
industry than that of any other significant research university. So 
that, I hope, will establish the grounds on which sit, stand or 

The OTA report, "Federally Funded Research: Decisions for a 
Decade," is indeed a very, very timely and important report. In 
reading it, I found a number of parallels to a talk I gave on Febru- 
ary 15, 1991 to a joint meeting of the Councils of the National 
Academies of Science and Engineering, and the National Science 
Board. Ti.us my written testimony which has been submitted is 
based on that earlier talk. What I would like to do is jun summa- 
rize it very, very briefly. 

The perspective i/ my remarks is that of an academic research 
university, rather than thpt of the Federal Government so it differs 
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slightly from that of OTA. So I took a look at the total funding of 
academic research, not just the Federal funding. 

This is important because Federal funding has been the slowest 
growing i -urce of support for academic R&D over the last two dec- 
ades. Moreover, today Federal funding accounts for only about 60 
percent of total academic R&D funding. 

What is perhaps most striking to one that looks at that is that 
the level of discontent in the academic research community has 
become more and more intense during the 1980s when the growth 
of total support has been strongest. 

Recently this was dramatized especially strongly by an interest- 
ing little survey that appeared in the February 1991 issue of Phys- 
ics Today. There it was reported that young physics faculty were 
surveyed in 1977 and were again surveyed in 1990. In 1977, 68 per- 
cent of those surveyed thought that funding was adequate In 1990, 
only 11 percent thought so— a dramatic drop. 

Mr. Boehlert. Excuse me. That's within the physics community? 

Dr. Schmttt. That's young physics faculty, that's correct 

If you look at the per capita support, the actual per capita sup- 
port in constant dollars in the physical sciences, which admittedly 
includes physics, chemistry and a little bit of astronomy, that per 
capita support in constant dollars hit a minimum in 1977 when 62 
percent of the people thought funding was adequate and the per 
capita support has been growing steadily at about 6 percent per 
year ever since as the number who thought there was adequate 
support plummeted, a very curious phenomena, and one or the 
most dramatic ones that I can imagine to show one of the things 
that seems to be happening. 

During the 1980s, the constant dollar per capita support of aca- 
demic research in total has been growing substantially at the same 
time that the level of discontent seems also to have been growing. 
So I have had to come to believe that there are structural issues in 
the system as it exists today that are as important as the money 
issues and my submitted testimony examines this curious situation 
in more detail. 

Just to mention a few of the changes that have occurred during 
the last two decades, there has been a wry significant growth in 
the academic research system consisting of two elements — one in 
the number of institutions engaged in research and second, in the 
relative amount of effort devoted to research over education and 
teaching. 

The academic research system has quite admirably, in my opin- 
ion, spread to a larger number of institutions and Federal funding 
has contributed to that spread. We have many more research uni- 
versities today than we had in the early 1970s. At the same time, 
the research intensity on those campuses has grown. A larger and 
larger fraction of academic doctorals have become dedicated to the 
research, the number of academic doctorates with R&D as their 
primary activity has more than doubled in the last 15 years. Fur- 
thermore, the new doctorals going into academia have increasingly 
gone into research and development, not teaching positions. Final- 
ly, among the academic doctorals primarily devoted to the re- 
search, nonfaculty employees are growing the fastest. So every sign 
indicates the increasing research intensify of the system. 
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If you look at the deployment of poet doctoral students and of 
graduate students, we find changes in those that are all consistent 
with this increasing research intensity on the campus, more and 
more research assistance devoted to particular research goals, less 
and less resources into more general tilings like traineeships and 
fellowships. 

What do you conclude from all of this? In my view, academic re- 
search has three essential functions. One, the first one is to con- 
tribute to knowledge of value to our society. The second is to edu- 
cate graduate students via the composite system of advanced, spe- 
cialized courses and research apprenticeships. Third, is to enrich 
the education of undergraduate students via t ea c hin g by faculty 
who are in touch with advancing knowledge. 

All of the trends I remark on indicate a significant shift to that 
first function, namely contributing to knowledge and the signifi- 
cant growth in its size, especially during the last decade. Moreover, 
that trend is one that has tended to reduce local flexibility. Virtu- 
ally ali the support is by targeted research grants. There is little 
local flexibility left to reallocate resources. 

I think that one of the problems of support for young, beginning 
researchers today may come from this limited flexibility. It used to 
be that department heads and deans were able to assign trainees 
and some of the fellows to young faculty members to help them get 
started in research. That flexibility is jone today. The Federal sup- 
port of traineeships has dropped significantly. 

So I believe that the discontent today and the stresses expressed 
in many quarters has led many to believe that it is simply a short- 
age of money that is a problem but as you can tell, I think that the 
problems are deeper than that and the pressures to continue evolv- 
ing further in the same direction may not be the thing to do. It 
may be time to pause and ask is this the best way to go. 

I think OTA has articulated some of those issues very well, at 
least for the Federal Government. I believe the academic communi- 
ty must also join in this reexamination. Solving this, there is no 
single magic bullet or master plan that can solve these problems. 
There are many specific actions that need to be strengthened or 
initiated and they generally fall into three groups. 

The first that I would put forward is making better use of our 
present resources. In my view there are s igni fi ca n t opportunities 
for doing that and I can go into some detail on that if you like. The 
second is linking research more strongly to education and to 
human resource development The OTA report does acknowledge 
human resource development can be an important component of 
academic research. I think it is a high priority. Finally, is devising 
innovative new initiatives to attract new resources. 

In the testimony that 1 submitted, I have details of several specif- 
ic suggestions on that. I might just mention two or three of those. 
One is the spread of research to more and more universities. I 
agree with the OTA comment that in doing that, we should not en- 
courage every new research university to become a comprehensive 
research university. We should rather adopt policies and practices 
which will encourage some of these universities to specialize in cer- 
tain areas, others to specialize in other areas. I think some changes 
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in the policies and practices of agencies could help to produce that 
result 

Another dimension of research utilization quite frankly is the 
local management of resources, By that I mean equipment, space, 
services, as well as the direct efforts of the research team itself. I 
am sure that on most campuses, there are great opportunities for 
more sh a ri ng of equipment, more effective utilization of space, and 
especially less expensive ways of procuring needed services. I could 
give you examples of that, if you wish. 

In research and education today there is a strong bias towards 
using nonfaculty, doctoral research people on research grants 
rather than using graduate students, which I think is a very bad 
thing. Why is that so? The reason is very simple. The sponsoring 
agencies are all oriented towards seeing what research results are 
produced and to get nonfaculty doctoral people working on those 
research contracts rather than graduate students produces results 
more quickly, leading to publications earlier and a better chance of 
renewal— again, a situation that could be changed and affected by 
agency policies. 

I believe that the Administration's program of traineeships and 
fellowships across all of the principal agencies supporting academic 
resources, a very desirable initiative and strongly support that . In 
addition, an organization with which I am associated, CORETECH, 
is also advocating the establishment of fellowship and traineeship 
programs by each of the Federal megascience and megatech pro- 
grams. We talked about those programs earlier. If we're going to 
have such lar^e megascience, megatech programs, they ought to be 
asked to contribute to the development of the human resources 
that they use. 

Finally, we need a lot of new ideas. I emphasized local flexibility. 
I think some of the ideas in NSF illustrate what I'm talking, the 
Engineering Research Centers, the Science and Technology Re- 
search Centers, were very fine initiatives that brought millions of 
additional dollars into the science budgets, but we need more new 
ideas. 

One that's been suggested which would help to alleviate a prob- 
lem I mentioned earlier. That is this decreasing local flexibility 
would be something equivalent to DOD's independent research and 
development funds, the R&D funds provided to academic institu- 
tions doing federal research, funds equal to a certain percent of the 
Federal R&D contracts and awards that could be used by the insti- 
tutions themselves for unrelated programs and especially to help 
solve this problem of getting young, new investigators started. 

Well, there are other ideas like that. My point simply is that 
while I believe it is important to continue the growth rate 3 in 
R&D, in academic R&D, at the rates of the 1980s— I don't wa it to 
say that there are no money problems, far from it— I also believe 
that we need to make some structural changes in the way that 
growth is used. 

As things stand, I don't know that just pumping another $10 bil- 
lion into the system won't simply intensify these structural prob- 
lems that have caused the stresses that are curiously out of sync 
with the growth rates, as I pointed out, and won't simply preripi- 
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tate the call for another $10 to $15 billion increment down the 
road. 

That's a summary of the written testimony I submitted, Mr, 
Chairman. 

[The prepared statement of Dr. Schmitt follows:] 
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Academic Research and Development- 
Bom Cie We Improve lie Cofldion? 

ftirlanri W. Schmitt 
President, Rensselaer Polytechnic Institute, Troy, NY 

Testis ony before the Sabcommittee on Science of the 
Committee on Science, Space and Technology of the 
VS. House of Representatives 
March 20, 1991 

In reeding the draft of the Office of Technology Assessment! report oa 
Ted«trally Funded Research: Dedeieno for a Decade". I wae struck by the many 
eimUarftleo with e teb I gave on February 15, 1991 to ejoini meeting of the 
Ceuncfle ef the Notional Academies cfSdeace and Engineering and the National 
Sderce Board at toa Bookman Center in Irvine. CA. A principal difference is that 
the C TA report examinee the issues from the perspective of the federal 
government whereti I had looked from the perspective of academic institution 
The blbwina teiti-noay is based on that earlier talk because I believe it is relevant 
to thr Catueo beinf addressed by this cemmittee today. I have edded meteriai 
developed tines mii-February and bav- knitted a lot of comments about political 
reaUtiee that I weyed to that earlier audience of scientists end engineer* 

There is a carious phenomenon occuiiaf in the academic research 
community today, a phenomenon that the OTA report alludes to but does not fully 
address. It is this; after e decade ofeomeofthe beet growth in support of 
academic research that has ever been experienced, the discontent among 
acadtaic researchers is at an all time high For example, a recent survey 1 
reports that among young phytic* fault? there has been a dramatic drop free. 
93% in 1977 toll* in 1990 in the fraction who believe that research tending is 
adequate. Thle rep art joins a rising tide of complaint about the plight of ecadenic 
research in the U,S today, a tide that was dramatised by Leon Ledennans 
survey 3 of the views of 880 academic researcher* 

WhOe I eould not readily find data on phyeioa alone, Figure 1 ihows the 
support trends per tea domic doctoral in the physical sciences (mainly physics 
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chemistry and astronomy) from 1973 through 1987. Tha curious fiui U that ;-omg 
physics faulty fell bast in 1977, after eevtral years of d lmtoi sM ng support ard felt 
wor&t after the sustained growth in par capita support during tha 80t, 

Whatever explanation oaa wants to offer fbr this phenomenon, it 
dramatiza* tha fat that wa need to understand much battar than wa do todaj 
wha: la happening on tha academic research scene. 

So let's look at tha condition of acadamic raaaarch today. IH begin by 
correcting, in part, the impression left by the AAAS report: acadamic resear & if 
not tLuite as bad oif as implied. Pint, looking only at basic and applied resew ch, 
tha report omiu tha development attest at academic institutions amounting t<< 
S870M, or a little ever 8* of campus research expenditures in 1989. But, even 
mora important, it omiu the non-federal sources of support which were 95.8B or 
40ft tftfaa total to -889. 

Moreover t aa Figure 2 shows (along tha bottom row) during the 80-year 
period, 1969 to 1969, federal support grew more alowly than any other source, 
averaging 8.8ft p*" year compared to 18,1* from industrial sources aid 11.4* 
from other sources. If you look at the two tan year periods, 1989 to 1979 and 1979 to 
1989, you will notice that in the decade of tha seventies, tha growth rates were 
lower and tha inflation rates higher than they ware in the eighties. So, again, the 
eight ee, when discontent has bean growing ea campuses, has been a decade c f 
considerable real growth in tha support of academic research! 

But, wa neec to examine support in constant , not currant dollars and w i, 
thereftro, need a price deflator. The AAAS report uses the OMB R&D price 
deflator. In spite oc its name, it w*a not designed to measure the price of R&D 
inputa. The GNP rrice deflator is mora commonly used. They differ from one 
another: during th<* two decados in question tha OMB BAD todas grew at 
7Jft#aarwhfl8thi GMPlndai grew at only Sftfctar. (The differences between 
the tws deflators, aiein, were larger in tha 70's than ths 80's, So growth durin* 
the 80's is not very different, whichever dafiatnr i* wtri ^ 

Putting these two things together-total academic R&D expenditures, not 
just federal expenditures fbr basic and applied* and tha (StP price deflator rntiter 
than tha OMB R&D deflator-you get quite a dittsrent picture from thai of the 
AAAS report. Figure 8 ahewa a comparison of to One yields an 

inert* » of ©Ply 88ft in constant dollars, tha other yields 101ft, or double betwtin 
89 and 89. 

An item of wuidarahla interest is the rata at which institutions have bei n 
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increasing the us« of their own fandi for RAD, Ae Figure 4 shews, it haeb*n 
much fiwttr than the increases in tuts iupported R&D evan though the iattir hei 
received more public a ttenti on. Considering tha financial profalema that nmj 
tostittttf Mi of higher education ast taing today, thia maybe one of the souxtts of 
the troubles of the iumtA community 

Wfur* 8 siws that the academic funding per doctoral looks vary diflfo ent 
whan vou look at total funding, using tht ONP deflator, than whtn lookinf si 
fodeial funding only, using ths OMB R&D deflator. 

Just to be sure that than art no prominent anomalous eubsets of this data, 
Flgurs 8 shows thu expenditures par academic doctoral in several areas. The par 
capit i amounts aw quits diflbrent but ths patterns an all similar. 

What conclusions can wa draw from those data? First whOa tba total 
amount of money going into tht academic rsiaarch syttana is a comtraint, thnre 
stasutoba other problems aowelL Wa ar« beck to par capita expenditures mar 
those ofthe "golden era" of the Utett's but New, it 

wfflba said that ths par capita expenditures need to be higher lodeybeceuaeoi the 
mora sophisticated, mors expensive equipment and ibefiitie* that ere needed X 
egree But, while the higher capital intensity of research today should imply 

r*» w*j»Muruia inputs to rassann, ueugtit also kad to higher 
productivity and thus lower costs par unit of maanh output and thaaa output i 
ara hard to meseure. 

In any event, ifone is to judge by the level cfdisccntent, the etreases in ti e 
ecedemie research iy*tem ara high- If total money alona cant explain thit 
phenomenon, whit ether &cters might also ba contributing? Maybe tha system 
has soma structural prohleme that also naad ©emotion. And. if there ara 
struct oral problems, how can wa be sura that Just pouring mora money into thi 
system wffl solve than? 

Let's look at *eme of tha changes within the academic research aystam. 
During the last two decades, there has been significant growth of this system. It 
has consisted of twe expanding elemente; first, tha number of Institutions 
engaged in research ami seoond tha relative amount of effort devoted to rt search 
over education and teaching, Let's look at each. 

The academic maarch system has spread to a larger number of 
institutions and Moral fending has contributed to this spread. From the 71- 73 
period ustfl the '87*19 period* the number of academic deportments receiving 
federal research money grew about 22% in engta sring and almost AO* in tha lie 
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and physical sciences as Figure ? shows So. today, acadamic research U th -iving 
not just en the £*it Coast, the West Coast and a few selected spot* between, 3tis 
alio pursued on campuses in tht Southeast South, Southwest, Midwest, 
Northwest and mwy sort. 

Meanwhile, the research intensity on these campuses has grown. Alirger 
and jtfgtr fraction of sr*i1*mir doctorals have become dedicated u> research 
Figure 8 Ohutmai thi* shift Tha immber of academic doctorates in tha neural 
sciences and engineering 3 with RAD at thair primary activity hai mere thar 
doubled in the last 16 years. Further, new doctorals going into acadsmia bavn 
increasingly gone into BAD, not teaching positions * especially in doctoral 
institutiona. Morsover, among academic doctoral* primarily devoted to rewercb, 
non-faculty empleyeee art growing the fratest There is also a set of 5AE 
acadimics who an approaching retirement in thia dacada who cam* into the 
system during it* parted of rapid growth; thay hava significantly occupied tha 
tanurtd faculty position* in acadamic institutions, leaving only limiiad 
opportunities tor entry into a normal acadamic cartar hy junior people. Thi*, 100, 
ha* undoubtedly ccntribntad to tha younger peoples movement into rwaeerch- 
oriantad portion*. Meanwhile, tha frculty itaalf i* aging, tha average aga harng 
growr from 42 to 41 in tha la*t 18 yeare. 

But, if a larger and larger fraction of academic doctoral* are engaged in 
re search today, tha i expenditure* per doctoral in total -the measure we used 
earlier -may not b* the right maasure. We need to know the so-called * fall te * 
equivalent** engaged in research and Me bow tha expenditures par FTE have 
varied over time. Maybe thUU what ha* deteriorated. Tha datals a little spar * , 
some applying to ecadomio institution* without the Federally Funded R&D 
Center* (FFRDCa), some applying with them. Figure 9 shows what is available 
Frankly i it suprise* me a bit because I believe It should hava shown some deen ase 
to be consistent with the other data I've presented, data that 1 think is mors 
trustworthy. Nevertheless, for completeness I show it with the caveat that it is a 
fecetshat naade a duper loot 

Looking at tha deployment of postdoctoral students and of graduate 
Students, wf fad the charts** at* all consistent with the increasing rosea**!* 
intensity of cempuis a. About 80% of all postdocs are need in SAD and these have 
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gro*n from -4,301) in *73 to -10,300 in '89, a growth of ~«% per year. Also, Figure 
10 aaowo t^w tbt atffiwtwa of graduate students hag changed, Tbefretest 
growing ia Rasearch Assistants, where federal eupport hat contribt .wd 

to the growth but net by any means caused it aU. Teaching Awiitantt, almost 
totally funded by non-frderal sources have alio grown but not as rapidly at 
Research Aeaiatar.U. Ma anwhile, Fellowships and Traineeehips have 
languished with ft derally supported ones having dropped by about one-third, 
Flgm 21 further jhowa that tht number of full time NS*E graduate student* 
supported by fetaal fUnds languished during the 80's wbOa those supported >y 
highw: educational inetitutieni own fund* paw. It it a trend that cannot 
centime, tht ftacal constraint* feeed by these institutions today, 

A final querioa that might be asked is whether or sot a few people on each 
campus get a high pro por t ion of the research money while many others struggle 
fork. This posribiity was suggested to me by the «^ 

major research university. I have not had time to get data on any campus but my 
own. Figure 13 illustrates that his suggestion may have merit, at least enougt to 
investigate it further. 

What do wa conclude from all of thU data? Academic research ha* three 
euen^al functions; 

•to contribute to knowledge of value to our eodoty, 

* to educate fraduat* studente via the composite system of 

advanced, spedaUeed courses and research apprenticeships, 

•to enrich the education of undergraduate studente via 

teaching by ficuity an touch with advancing knowledge. 
All of the trends wave noted indicate a significant shift to the first function and a 
significant growth in ita else, especially during the last decade. The increase oi 
academic staff devoted to research, the increase of research aseistantahips wttcb 
are attached to specific research grant* or contracts, the lag of the more flexible 
fellowships and traineeehipe which are mm tleeely linked to the educational 
function, the Increase of teaching ossi stent ships that generally relieve faculty cf 
teaching burdens - are aU conaiatent with this trend 

Moreover, the trend is one that tends <o reduce local flexibility. If the 
distribution of research funds en each campus ia highly skewed * ae I've shown it 
toboatl U iwel ao rfmdittiportittoboolsaw^ 
faculty on each campus who are very well off mixed with many who are 
struggling. And if virtually all of the support ia by targeted research grants, 
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then U Uttlt local flaaribOity to reallocate ratouxtah whatavar tht marita- 

Ona of tha probltma of tuppm &r yoong, beginning rataarcbars today may 
itam from thii limitad flexibility. Departmant hands and daana usad to ba abli to 
awign trainat* and mi fbUowa to young faculty mambara to halp tham gat 
ita^inthafarmaardt In fret, Scday, becauia of tha lag in tha numbaT of • ich 
poateena, it la teaching aaaiatanta who may ba aaaignad toyoungarfhculty toitalp 
with r« *aith, thui turning wot of tbesa poiitomi into a iub»idy of roaarch, 
•upp.-t^ largaly by tht institution! thwnaalrtr 

On* of tht ii sum ii whothar or net tha kay critaria for fiwUral lupport oj* 
acadt mic raaaareh should ba "odantifio marit and alaatoa ralavanca" aa tha 7TA 
ftpon suggaita and which would lay that tha firatrfthathmaM«tialfrnct«» 
that 1 itattd abova ia, tha ccTTact ona for amphaaia. Or, ibouM human 

rawurca davabpmunt to atrangthan ftatura maairh capability ahara tqual iU tui 
aaafedaraldtfaetiv*, Ihappro to think that it ahouWL thua giving aqualwaigbt to 
tha Mcond and thitd of my auantial function*, abova, of acadamic rasaarch. 11 ii 
an important iatua bacauaa it bam dirofly on wi*tharthaattttnda«fti**daral 
govammant is that of proeurtmant or that of irouita davalcpmant An atdtucla of 
-procwwnant\ tha dominant ona today, laadt diractly to utsami of Itaitad local 
fiaxfbUlty. 

Tha diwontant today and tha strmaa a^w*wad in many quartan baa ltd 
many to haliava tha t it ia »mp]y a ihortaga of monay that U tha problam- A* you 
on tad, I think Urn prrtlami may ba daopar than that andthatthapmaim to 
continaaavolvingfttftharin^ 
ba tim t to pauaa and aik* ia thia tha boat way ta |D? 

During tha bat two daeadaa monoy fid grow ai frat aa roaarchara 
during tha 70 a- Only in tha laat daeada haa that bafun to turn around • ironically 
tha un happinaaa of :ha community satsu to hava arupiad daring tha vary P*ri< d 
whan tha changa hu baeoma fewabla. Maanwhfla, though, acadansc 
inrttotloni h«fa had to grt incraaiii^ 

from atnfca govamaanto and, ajpadaDy, havt bad to pntmeiwandmoiaorttaaii 
own xatotwaf into K And itraaaaa ara appaaring, today, in all thrtaofthoaa 
qunrtara: aeadamio inatttaiiona, stataa, and tedaatriaa. 

So, what do wi do about our condition? Firtt, thara ara aavaral thingf that 
wacantarabmiMn'Idfc Lat ma liat thorn. 

'Haduca tha tumbr- and dlttrfbution of rnaarch ttnivanittfi tnd. bka 
Britain, try to conoaxitrau m a ralativaly fbw olita ocboola. Thii wont work and 
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cant be done* It would bt a politic*] minefield; first, beoeuss of continual 
Congressional interest * and, in NSFi caw. a etatutory requirement - in piyinj 
attention to geographical distribution. And second, because we'vs now, quite 
rightly, convinced manjr politicians that retearch universitiei can contribute 
significantly to regional economic development 

•Reduce th* number of PhJ>e awarded to VS. dtifens teas to reduce ths 
alleged "surplus" cf researcher* I fear that Uda la the most likely outcome of the 
kind of campaign launched the AAAS report. It would be bed fc. rworeasoni. 
First, we will need an influx of new, teaching fiaralty before the end of tha deauie. 
And second, academic research ia not a surplus commodity. It still baa much 
untapped potential for contributinf to solutions of the nation s and tha world':, 
problems, 

•Place a tax on high-tech products as suggested by tha AAAS report This 
would be a dieaitrcua policy, a quick way to make tha UA even less cotnpetiti* sin 
world markets, For Ova ^ast several years a consortium of universities and 
industries, CORET Z ; a - aes been struggling to fit the R&D tax credit made 
permanent * as a means of stimulating industrial RAD and industrial suppen of 
academic R&D, Tbeideaof taxing these goods instead ofgivingataxincemivi to 
the R&D behind th*m is a sure prescription for further damage to U.S. 
competitiveness. 

There is no single magic bullet or master plan that can solve our problem. 
Rather, there are nrany specific actions that need to be strengthened or initiate! 
They fail into several groups that should be of interest to this committee today; 

•Making better use of mar present resour c es , 

•Linking reeiarch more strongly to education and human resource 
development* 

•Devising innovative new initiatives to attract new resources. 
Let's take them one by one. 

My suggestions are not wholly original. I have borrowed liberally from 
othe*, ejpe^ially f>i» 

Sdenete, from Robert White, President of tha National Academy of Engineering 
and from working groupe of CORETECH, a lobbying organisation for sdance and 
technology, which I chair, 
3**eitfce*i 

We need to make better use of the resources that we do get There are 
several dimensions vo this. The first is a policy and program management issui, 
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I said eariiar that we should not try to nvun tht epraad of mwi to more and 
more campusas, aj sums have implied if sot suggested explicitly. But, that 
doesn't maan that every campus aspiring to eminence in research hae to ba 
comprehensive in its research. We ought to be encouraging dif&rant dusters of 
emUanee at different campuses. And wa tau 4v Uu» if proposals wart to ba 
judged not on intrinsic merit alona, bat also on contort - is tha work linkad or 
synergistic to othat work on ths caucus? Will it halp to build a itttpla of 
excellence on tha wmpua? It would ba a policy conducive to a strong, disponed 
academic rasaareh systtm that yat had only a healthy degree of redundancy 
across all institutiuna. 

Another dimension of resource utilisation ia tha local management of 
resources * and by iat I mm equipment, space, services, ate., as wall as tha 
drract efforts of tha rasaareh team itself I am sura that on most campuses thira 
aregiaat opportunities for mora sharing of aquipmant, mora a&ctiva utilixa^ m 
of spaca and less expensive ways of procuring naadad strvioaa. Foreaemple, 
whan granting moT t oy ffer now equipment agencies might ask what tha plans art 
for do »nstr«em uat of the equipment end for plana to ahara it Addressing thusa 
iss uas wisaly can h sip individual reseawhere, yat thara ara virtually no form in 
tha academic environment • short of oriaas -that motivata aithar tha 
administration or tha ft cuky to address them, I believe that soma sort of task t >rcs 
to visit many campuses, to identic tha bast practices on any of these campum 
and to widely disseminata this iaftroattoa would ha valuable 

In many instances, reorganisation of academ i c education and rasaareh 
could substantially improve tha use of resources and tha cost of overhead. Frank 
Preaa made thie suggestion and pointed out that it aright be particularly time^ 
became a ganaratioa of faculty ia being replaced by a new out. 

Turning now to tha second group of actions: linking research more 
strongly to education and human resource development One of tha arguments of 
tha AAAS document ia that tha austere level of funding wfB discourage graduate 
students from pursuing research careers in academia* Yat, ironicaHy, aa I've 
pointed out, soma of our problems arise from the eaparation of an i ncr e as in g 
portion of academic research from teaching. 

Today, thara ia a strong bias toward using non-ftodty, doctoral reeaarch 
people on research srmts rather thin graduate students, Why? It produces 
results mora quickly, leading to mora publications, earlier, and a batter chance af 




ERIC 



57 



fitting ftiturt renewals and new grants. The bat is against using research 
gnat money on gsaduata rtudants, lit alone against involving undargraduatoa. 
This is a bias thai could be corrected by policies of tha granting agencies - a sKft 
back to fellowship! and traineeaWpe, fer axempls. Or, changes Ukt tha man 
NSF requirement to submit only tha tan top publications plue a Hat of graduat 3 
degrees produced \y principal investigators instsed of tha nana! liat ofdonni or 
avan hundreds of publications. Tha purposa of thia changs la to lat raviawtn lea 
At educational m waO ai roaarch output of tha principal investigator. 

COKETECH, tha lobbying consortium of industrial and acadainic 
institutions, haa adopted a platform in support of tha administration e program of 
trainfcaships and fellowships acrosa all of tha principal agendas supporting 
academic research. In addition, it advocate* tha establishment of a fellowship 
and traineeahip program by aach of tha federal megaadenca and magatach 
programa. 

Thara ara a In of othos po&rfoo af Aiadfof age**** wvusUum both 
implicit and axpHdt biases against tha educational function of maarch in 
acadama; wa should instituta a study to identify ail of them and than decide on 
appropriate change** 

But most important of all is the change in federal attitude and peHdae 
toward the funding of research on campuses. The view that it is the procunm int 
of a commodity, however meritorious, should be abandoned and tha human 
resource deviopment dimension should become prominent. This, again, woulc 
support strengthened programa of traineeahips. Other ideas that would move us 
in this direction are noted in the next saction. 

Maw Idaas: 

We Deed sonM new ideas. What we must do is to generate new ideas that 
can be promulgated iftctfvely to OMB.te DOD, to NIH. etc, and that wffl be 
persuasive, congressional oemmittee by congreesional rummttteo in Congress. 

At NSF, the invention of the interdisciplinary maarch center*, the 
Engineering Re sear ± Centers and the Science and Technology Research Centers 
brought millions and millions of dollars into NSF budgets that would not 
otharwiee be there. 

Whet are eomi new idaas for tha futura? One is to provide the equivalent of 
DOD'a Independent R&D funds to academic institution* doing frdml research ■ 
tends 1 quel to a certain percent of federal R&D contracts and awards could be 
used by the instituti *n for unrelated programs - a stimulus for the exploration of 
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ntwfitlda, Or, iflitituticnal granta linktd to broad j&ala - not rpacific rate ax ch 
araaa * conk! bt awardad compatttivaly, again ptrn attin f local flaadbiUty. Both of 
thass approacfaai art diractly in Una with my plaa for lyttami panmtting gnatar 
local fltxMity and mora davotad to human ratourca davtlopmant. 

2a tha and* ona mutt conclude that money alone in aaounta much greatar 
than growth durtrg tha SO'i may not aolva tha problama of tha academic raw arch 
system. While I bohava it important to continue growth at tha ratee of tha 80' », I 
alio relieve that we naad to make eema structural changes In tha way that growth 
is us 2d. Ai thlnga stand, wa don't know that just pumping anothar I10B into tha 
system won't limply intensify tha structural problems that hava caused tha 
atresias and precipitate a call for anothar I10-15B increment down tha road. 
Unfortunately, alio, tha ganaral call for anothar tlOB doesn't gfcra anyone, anj 
whan in pcsitione of responsibility anything to do. Itworks wonderfhlly on tie 
bUlbcarda and maj quasi and headline*. It la appealing to tha madia, Evan 
though tha valua of that appaal shouldn't be neglected, tha raal, effective warfitra 
baa to bt fought elsewhere. 

So what do wa do? Thara hava basn many talks, many nawi articles, ev*»na 
ftw studies, but no ona haa yat faced up to raaianrinteg tha ayatam wa hava, 
asking how it can be improvad, and coining up with specific raeommandation h 
agency by agancy f »»ngresaional committee by congressional committee. Wa 
should do so and tha OfBca of Technology Aeeesment's raport ia a good begins ng. 
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Mr. Boucher. Thank you, Dr. Schmitt We'll withhold questions 
until the other witnesses have presented their oral summaries. 
Dr. Lederman, we'll be happy to hear from you. 

STATEMENT OF DR. LEON LEDERMAN, PRESIDENT, AMERICAN 
ASSOCIATION FOR ADVANCEMENT OF SCIENCE 

Dr. Lederman. Thank you, Mr. Chairman. 

Fu try to stick to the charge that we were given in this and con- 
centrate really on the OTA report where I find, from my dominant 
impression, one omission and two places where 1 thought the dis- 
cussion was weak. 

The omission has to do with evaluating the health of the re- 
search system. In several places, we are reassured that "This struc- 
ture has sustained the largest and most productive research capa- 
bility in the world," and yet. a 1960s assessment of United States 
leadership in autos, tires, steels, machine tools, consumer electron- 
ics, and so on would have generated similarly encouraging bravos 
but look where we are now. 

In our research enterprise, there have been over the years — and 
it's referenced in the OTA report— symptoms of trouble. The fail- 
ure to pay attention to those symptoms is, in my view, an omission 
of the report. 

The weaknesses are related to discussions of the scientific man- 
power and to the understanding of the cost of research. 

In my critique, I'd like to discuss research and education togeth- 
er. Including education is important because the intimate connec- 
tion between the two is useful as a metaphor or historical lesson 
that this subcommittee might find interesting. 

My mindset in discussing the OTA study is a rather long range 
one as befits any discussion of research or education. Both enter- 
prises, interwoven one into the other, involve complex infrastruc- 
tures which have enormous inertia with respect to change. 

I confess to a vision which is driven by what I think are logical 
arguments to predict that by the end of the decade, there will be a 
dramatic change in the level of federally- funded research and fed- 
erally-funded science and math education. My prediction is that 
whereas research science, as in the OTA graph, is now at .8 per- 
cent of the Federal budget I predict that sometime by the end of 
this decade it will exceed 2 percent or 3 percent and be climbing 
rapidly. I know this end I believe that many committee members 
know this because it is becoming increasingly clear that we, as a 
Nation, have been underin vesting in human resources— human re- 
sources, the national stock of brains and brawn that will be needed 
to maintain and enhance our economic veil-being address the sci- 
ence and technology parts of environmental degradation, clean and 
inexpensive energy, affordable hcaHh care, unmet social needs and 
our decaying cities and poor rural arras, and our responsibilities 
collectively with our industrial allies to address the so-called 
north/south inequities and standard of living. 

I maintain the stock of basic knowledge to carry out this pro- 
gram and to simultaneously provide the ever-increasing level of 
fulfillment demanded by our citizens is insufficient in 1991. 
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If you think this vision requires general removal by white-coated 
attendants, let's recall that in 1983, the science/education budgets 
were hovering at the few tens of millions of dollars* I think at one 

SDint, almost zero. Today, the NSF alone is spending over $800 mil- 
on on science education, not to mention the large Eisenhower Pro- 
gram at the Department of Education. 

The confidence I have that the Federal Government will rear- 
range its priorities in favor of nurturing the human resources does 
not mean that we should be complacent I confess to a complete un- 
certainty as to how we get from here, from our preoccupation with 
intense short-term problems, the deficit, the recession, the savings 
and loans, so-called limited resources, to the correct balance be- 
tween operations and investment. 

I worry if we don't address the issue omitted from the OTA 
report, we may find our science infrastructure going the way of our 
educational infrastructure. Somehow while so many of us were con- 
cerned about other things, our educational system began to crum- 
ble and we became a Nation at risk. 

There is a metaphor and a lesson. For almost a decade now, with 
increasing investment, we are vainly trying to turn education 
around, but so far it is not at all clear that things are really 
moving. The only way to realize the President's worthy but roman- 
tic goal of being number one in math and science by the year 2000 
is to find a way to sabotage the other nations. 

The lesson is that these massive infrastructures are easy to de- 
stroy and incredibly difficult to repair. The symptoms of trouble in 
the research community are alarming enough to be given extreme- 
ly serious attention like the canary in the mine. Signs indicate that 
there is a danger present. 

I'm aware of the difficulties of obtaining a rational objective as- 
sessment of the health of the scientific enterprise and I understand 
why the OTA finessed this issue. On the other hand, it's a compli- 
cated problem but has to be done. Data on the state of unhappiness 
of scientists is admittedly one subjective indication which convinces 
me that there's a problem but it may not convince the Congress, 
There are other mechanisms, measurements of publications, cita- 
tions, prizes, movement of scientists, the attraction to science of 
students, economic activity of our high tech industries and doubt- 
less many other indicators can be assembled and monitored 

I believe this needs to be done if we are not to find ourselves to- 
tally unable to cope with the problems I listed earlier. Therefore, I 
would urge the Subcommittee to ask the OTA staff to devise a 
system for measuring and monitoring this very elusive quantity. 

Let me go to the shortages* OTA expressed skepticism about the 
projections of huge shortages in Ph D. scientists and engineers are 
expected within the early years of the next decade. The data come 
from demographics and from very modest projections of economic 
growth witn more or less the same level of science and technology 
activity we have today. 

Reviewing this, I find the projected shortage predictions fairly 
persuasive and the OTA rebuttal rather weak I think that it's pru- 
dent to take these protections seriously. Suppose, in fact, the pro- 
jections are correct and even possibly underestimated because none 
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of the NSF projections include the new burden on science and tech- 
nology that follow from a global economy and global obligations. 

Today we do not hear complaints that there are too many teach- 
ers. Let's discourage young people from going into teaching. Nor 
will the question of too many scientists or too many engineers ever 
be raised in Japan, for example, Once we have a crisis, it will take 
decades to restore the interest in science and engineering in the 
high schools and colleges. 

Granted that scientists are incorrigibly unhappy. It has never 
spilled over to the young, best entrants and to the graduate stu- 
dents and this is what's happening now. Once the word gets out, 
the pipeline will be empty and we as a Nation will be at risk. I 
think nere again the demographic problem, the pipeline issue, in- 
cluding immigration flow, require a system of in place assessments 
and monitoring. 

If in feet our science infrastructure is showing signs of crum- 
bling, then the effort of many of us to bring minorities and women 
into the science limited work force, which the OTA report strongly 
favors, may be compared to the famous Pied Piper of Hamlin. 

Finally, the cost of doing research— and here to sort of abbrevi- 
ate my comments, I'd like to say that the OTA discussion, in my 
view, just grazes the key point of what is called the complexity 
factor. Let's put aside the issues of the inflation and where we are 
now compared to say the good old days. 

Having solved the problem of the 1970s in any scientific disci- 
pline such as properties of Type II superconductors or the proper- 
ties of quarks inside nuclear matter, one finds in 1980, a new level 
of sophistication and much more powerful apparatus is essential to 
continue the research. 

Because of the ever deeper level of subtlety that the problems 
present us with which still have to be solved, advances in technolo- 
gy and knowledge are enabling, yes, as the OTA pointed out, but 
what is missing is a simple choice, either vou increase your power 
of observation with appar** us and people, or you quit because 
you're incapable of making progress, 

OTA's emphasis on the competition factor enters in the sense 
that if scientists are better supported elsewhere, the use of inad- 
equate resources is even more pointless. I stress this because the 
Congress should understand that science must grow in real costs 
because of this complexity factor. The opening of new fields, which 
comes upon us, is an additional pressure to grow. The expansion 
and number of scientists is gratefully absorbed in larger groups to 
handle more complex apparatus in developing the new fields and 
expanding the geographical base of our research system. 

Let me summarize my comments. Hie OTA report is an excellent 
beginning and cogently addresses numerous Issues— priorities, 
daw collection, accountability, criteria which must supplement sci- 
entific merit and so on. The Congress and the Nation must look 
beyond these to the issue of how much science and how many sci- 
entists does the Nation need, realizing that the structural inertia 
in the sciences residing in the Congress, the funding agencies, the 
universities themselves, and the concurrent inertia in our educa- 
tional system must be taken into account in any long range policy 
decisions. 
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This leaves the questions of the health of science, how this influ- 
ences the realistic mechanisms for assuring an adequate flow of sci- 
ence literates, and the continuous efforts to understand the dynam- 
ics of evolving research needs. 

I see as a minimum full and continuous employment of the OTA 
staff. 

Thank you, 

[The prepared statement of Dr. Lederman follows:] 
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Conmmlfrtee op SdcnOaV Sptot ind Technology 
$ u bw u u ofttpB en Scffwot 

aa^60C& a\£> lLfla40VXHftQ 

March 20,1991 



Mr. Chairman, 

Before I begin my remarks specific to the OTA report, I with to emphasize 
mat I speak only for myself as a private citizen, but ai a private citizen who has 
apent 45 yean in the business of doing science, of teaching science, of 
administering * university laboratory of 200 people end managing the Fermi 
National Accelerator Laboratory with 2000 people. Mora recently I «m bade in the 
university, teaching undergraduate liberal arte students, trying to do some 
research with one post-doc and some summer undergraduates, and also trying to 
do something about science and math education In the great urban center we call 
Chicago. 

The task OTA set out is of extreme importance to the nation: to outline the 
prospects for scientific research in the next decade end to suggest Congressional 
actions which would be designed to strengthen the Federal role in guiding, 
sustaining and managing Qn OTA words) the research system. 

My critique of the excellent OTA report will concentrate on what I perceive 
to be as omission and on two places where the discussion, in my view, is weak. 
Tiv? omission has to do with evaluating the health of the research system. In 
several places we are reassured that Vols structure has sustained the largest and 
start jmslacltoteseanm A 1960s assessment 

of US. leadership in autos, tires, steels, machine tools, consumer electronics, etc 
would have generated similarly encouraging bravos. Yet men have been, over 
the years and lererenced in fee OTA report symptoms of trouble. The failure to 
pay attention to those symptoms is, in my view, an cmlsslflp. The weaknesses 
am related to the discussion of scientific manpower and to understanding the 
costs of research. 

By selecting the cardsstons and perceived weak points of the OTA draft 
report I do not mean to criticize the entire report which cousins many valuable 
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analyses end »u.mmw(lrttnm The OTA staff he* mm? -Wind 

Irank" dtocusskms wilh to totally tuUxudbued advisory panel (of which I «m a 
men^aiui many of the paw^ critic 

However, tp be leepenslve to the s ubcommittee' s charge, I ^J^f** 6 
onu>slcmandthetwoweetaesaes^^ 

to my attqae, X would Bke to discuss research and education tcgemer. 
Iwluding education to important because of the buimate connection between the 
two end to useful u » meixphor or historical lesson that this subconunltteo may 
find aUeroting. 



TI»» H ^ ft °* American Research 

My mindxst in discussing the OTA study to a rather long-range one as 
befits any discussion of research and/or education. Both enterprises, interwoven 
one with the other. Involve complex infrastructures which have encenwus 
Inertia vdmmspeet to change. I confess to ■ vision driven by logical arguments 
which convince me that we win see, probably towards the end of the decade, a 
dramatic change In the level of federally funded research and federally funded 
science and math education: Ipn^n^adence,now(W*of the fedenl budget 
according to OTA, will exceed 3* and be dimblngnipidlyby«wye»2000orso. I 
know this and I believe many of your Committee members know fids because it 
is becoming increasingly dear that we, as a nation, have been underinvesting in 
our human resources. Bus to the national stockof brains and brawn that we will 
need to inatotam and enhance ow e 

T issues of environmental degradation, of dean and inexpensive energy, of 
affordable health cans, of the unmet sodal needs in our decaying cities and poor 
rural areas, and in our responsibilities, ccdectiveh/ with our industrial allies, to 
address the so-called North-South inequities in standardising. The stock of 
frarif faicwledge any out this program and to simultaneously peptide the 
eveftmoeaetng level of fulfillment demanded by our cfttaens to obviously 
insufficient to 1991. 

If you think this vision requires my gentle removal by white-coated 
attendants, let me remind you flu* in 1983, the sdenc* education budgets were 
hovering at a fwtexis of inittow 
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over 300 million dollars, not to mention the Eisenhower program at the 
Derailment of Bdwalloo* * 

The confidence S hew that the Federal government will rearrange ite 
priorities in fetor of nurturing he hmnen w w u row docs not nun that *,o 
w o ul d po complacent, i c o nfess to complete uncertainty as to now to gn ^om 
hem ffQMi our oreoccunatfam with Intense ihorMm orobleins euch ee the 
recession, die deficit die 8 ft La— to dm* fte tight balance between •^operations" 
end "investment* p 

I worry that if we don't address die issue omitted from the OTA report we 
may find our science infrastructure going tlie way oi our educational 
Infrastructure, Somehow, while so many erf a* were concerned about other 
things* our educational system tagan to crtunble and wo became a nation it risk* 
Here is the metaphor and die lesson. Air almost a decade now, with increasing 
investment? wo are vainly trying to turn things around bid* so far, it is not at aU 
dear things are really moving. The only way to retltoe the President* worthy but 
romantic goal of being hhsmber lby die year 2000 is to find a way to sabotage the 
other nations! The lesson is that these massive Infrastructures are easy to destroy 
and incredibly difficult to repair* And the symptoms erf trouble in the research 
community are alarming enough to be given extremely serious attention, like 
the canary In the mine, there Is danger present Now I am aware of the difficulty 
of obtaining a rational, objective assessment of dm health of our scientific 
research enterprise X fully understand why OTA finessed this issue by the 
sensible preamble: "OTA Hnds that under almost any plausible scenario for the 
level of research funding in fte 1990**, there are issues of planning, management, 
and progress towards national goals to address* (Page 10). Data on the state of 
unhappUtesi of scientists la one subjective indication which convinces ma that 
there is a problem with the health of e deno but ipdte understandably/ may not 
convince the Congress. Measurements of publications, dtatlons, prizes, 
movement of sc iendum die attraction to science of students and doubtlessly many 
other indkatocs can be assembled and monitored I believe this needs to be done 
if we are not to find ourselves inexplicably unable to oopa with the problems 1 
have listed earlier I would therefore urge the Subco mmitte e to ask fte OTA staff 
to establish a system for measurin g and mon Koriny this very elusive tjuantlty. 
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OIA expresses slsejrfdsmab^ 
sctenttsts and in engineers that are expected within the early year* of the next 

My own reading of mete p«jecita» * *■ oleoma from 
demographics tad from very nwdest picjestlonf of eoaaoaite grow* wim more 
or less the wan told of sdsnce and technology activity we have today. OTA 
ten proposes that the famous pipeline which owmects our K-12 students with 
college sad graduate schools be kept robust so me* stand* shortegto develop, 
nuuket inducements will move college students into icieace end graduate 
students into PKD.'s. "OTA believes there ate talttettve* that niaintam the 
readiness of the educational pipeline to respond to changing demands for 
researchers-.* (page 34). 1 have* lot of trot bteunderstending this. Good s t u d ent s 
will not Invest 5 or 7 yean of their Hie without soineatsuT«i«thtemey wfflbe 
able to engage in the research they want to da A pipeline thai then conducts 
them to high school teaching may be good for high schools but more Maty, it 
will be a much diminished pipeline. Then there are me other skeptics out mere 
who Insist we already have too many scientists and mat what is needed is birth 
control so that fewer scientists will be better supported This is again a crucial 
issue mat we must all understand better. 

But suppose the projections are correct even greedy underestimated. 
(None of the NSF projections induce the new burdens on sdence and technology 
mat follow from our global economy and our global o bligatio n s.) Today, we do 
nothwtlitTfrT^* **^^ 

people from going into teaching." Nor would the question of too many 
scientists' or Too many engineers" ever be raised in Japan, for example. Once we 
have a crisis, it will take decides to restore the interest in science and engineering 
In tbo Nj^i schools aiuI co ll e ge s* 

Oven that scientists are incorrigibly unhappy, it has never before, hi my 
ejaxriencm, spilled ev« to the be 

and mis is what is happening now. Ones me word gets out me pipeline wfll 
empty (market forces) and we, as a ium«v wfflbeatrlsk. 1 think here again, the 
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demographic problem, the pipeline tone, the immigratkn flow require t system 
tattoo of in— I and m o nitoring. •* 

If, fa fact, oar sdcue hulaiuucturo is showing signs of cnimbllng, then the 
efforts of many of us to bring minorities and women into the sdence-literate 
work force (which OTA strongly favors) nay he compared to the Pled Piper of 
Hemettn* 



Hen it would be useful to redo the OTA figure* on the history of funding, 
using deflators met ere more appropriate to the 5 & T enterprise, developed by 
OMB end published in Science and Engineering Indicator* I have appended a 
graph with two curves: the OTA Figure 14, end the fame data using the OMB 
deflator. Although the differences seem small, they go a long way toward 
explaining why so many of our science policy kadars (Bromley, Bloch, Press-.) say 
we are uaderinvestmg. For example, OTA says "From 1969 to 1990, Federal 
funding for research at universities and colleges grew from over $4 billion to 
nearly $8 MBon On constant 1990 doners)" (page 8X 

Uj graph and my quote would read: From 1968 to 1990, the growth has 
been from so\9bfllion to »0 billion. This inflation difference is merely "market 
basket" and salary increases as experienced by institutions which buy electronics 
and hue scientists and engineer rather man the average XTT type of inflation. 

OTA (page 2ft) points out mat "-advances in technology and knowledge 
axe 'enablffigft they allow deeper probing of more complex problems. This is an 
intrinsic challenge of research.' OTA then discusses the role of competition in 
driving up the cost of research. 

This discussion, in my view, misses the key point about what is often 
called the "coinphodty" factor. Having solved the "1970" problems in any 
scientific dlsdpttae, each as me properties of Type B su p s iomul ui Iw s or me 
properties of me quarks inside nndew matter, one find* to 1W 
of fo pJU s nViHon and a amen more powerful ap p ara t us la aessuHsl4o continue 

mi leeeeem lit mam rim ream, fnr tnsTsnrs ■ miw mmaaa ma I - mow 

powerful parade accewretor. The driving force for the increase m costs ^ the 
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dsq^ltfrdofvnbtietyo^^jmbtenttftffltobetohred Adranow to te c hnology 
and knowledge m •tMbUng - ye», bnt what b mtoisff ts the *otot-«ith«r you 
hewn yocr power of obtarfttkn (with appanfta and poopk) or you quit 
beoraitjvuaieiaeH^ of making piv&m C3TA% oa m prtfflo n fetor anterf in 
Am aentt that If ■deatfrta are Pettar mpported eligwhcre, tha n»a of inadequate 
WfomoM a more potato* I stress this taenia the OMgros shouM tmderstand 
that science mutt grow in real costs because of this factor. The opening of new 
Adds Is additional pressure to grow. The expansion of the number of scientists is 
gratefully absorbed in larger groups to handle the more complex apparatus, in 
developing the new Adds, and in expanding the geographic base of our research 
system. These pressures and cost increases an difficult to quantify but the 
experience of the past 20 years (19684988) indicates a growth pressure of 
something Ike 8% per year. If we believe this, we can understand the dedine in 
our capability to do scientific research in the universities now as compared to the 
late 1960*8. The real increases are at the 35% level the needs snore Uke 300400%! 

Let me summarize my comments* The OTA report is an excellent 
beginning and cogently addresses numerous issues; priorities, data collect ion, 
accountability, criteria which must supplement sc ient ifi c merit, etc The Congress 
and the nation must look beyond these to the issues of "how much sdencer ami 
"how many sdeniistsr does the nation need, realising Oat the structural inertia 
in science (residing in the Congress, in the tending agencies, in the research 
universities) and the concurrent inertia in our educ a tio nal system must be taken 
into account in any long-range policy decisions. This bade to questions of the 
to 1th of sdenc^, tow this influences the realistic mechanisms for assuring an 
adequate flow of science literate*, and continuous efforts to understand the 
dynamics of evolving research needs, I see, a* a minimum, full end continuous 
employment of OTA staff. 



7S 



ERIC 




C71 



76 



ABRIEFFORFEBMILAB 

Marchl3,1991 * 



Fennilab is now the highest energy accelerator in the world 
and it will remain at fids frontier until thesnpenxil!deis,the£SCiii 
Tews and the UiC in Europe's CBRN laboratory, come on the sir bv 
about the year 2000. Since proton machines traditionally take 
several years to begin to produce useful data, the hegemony of 
Fermflabwill extend well into the next century. 

The 25 year history of Fenrdlab is characterized by exuberance 
and success. The first phase 0972-82) achieved twice the energy 
specified in the design with twice the number of beam lines, on 
schedule and at a cost of $10M less than appropriated. 

The second phase yielded the successful operation of the 
world's first superconducting synchrotron, raising the energy* from 
400 Billion-volts to 900 BUlon-volts while reducing energy 
consumption from 60 megawatts to less than 20 MW. This phase 
saw the initiation of proton-antiproton colliding beams and the 
operation of the "CDF" particle detector, probably the most 
sophisticated system of accelerator and detector art ever achieved. 
Some 1400 experimenters from 100 VS. universities and 
laboratories and institutions in 17 foreign countries have chosen 
Fermflab for their research facility. 

The third phase, begun in 1989, involves a dramatic upgrading 
of the collision rates in order to fully exploit the la borato r y's feading 
role for the next decade (1991-2001). It is motivated by crises in the 
progress of oar understanding trf tiw mihnw m fe^-^^f,,] pn-Hrfcfi 
(e^g. the top quark) as well as the need to solidify the knowledge 
base. It is reasonable to expect mat the scientific results, the 
technological advances and the experience of the Fermflab users will 
ao be crucial to the successful exploitation of the S9C 

t ^ P*** 8 "*** the concomitant goal of providing the 

Laboratory with an Important fhrfltly far addressing mu Jul issues in 
particle physics away from the W^er^ frontier which wiD pass 
to BSC and LHC In particular, the Main injector, designed to 
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provide unequalled collision rates for the Fermflab collider, will also 
provide beams of superb properties far addressing two general 
categories of problems which axe very unlikely to bo addressed by 
S6C Owe has to do wife intens e beam s of neutral kacna which win 
enable studies of the enigma of TP" syznmetry^vioSating processes 
(addressed by cosmologists as the "origin of matter" problem) at a 
level of a hundred times greater se ndttv% ma n is now possible. The 
other facility is super intense beams of neutrinos to elucidate both the 
longstanding puzzle of the behavior of neutrinos from the son and 
the nature of the gravitational Mark matter" mat permeates the 
universe* 

Thus, one can easily foresee, a fifteen year period of leadership 
and productivity for a Laboratory that has achieved a spectacular 
sdenttflc and technological track record. The history of machines is 
replete with surprises which could well provide Fermilab with 
additional scientific missions. 

The advances to which Fermilab contributes is part of the 
investment in basic research, the human knowledge resource from 
which, if history is any guide, the nation will draw upon for decades 
to come. FermilaVs technology in such diverse areas as 
superconducting systems, medical accelerators and instrumentation 
has already paid back a significant part of the investment made here 
by die Federal Government The Lab^-story has advanced its 
science while, at the same time, setting ne tandards in its attention 
to educational outreach, to ecological concerns with Its created 
wetlands and massive prairie restoration, to unique medical 
applications, to its world famous architecture and ite concern for the 
blending of sdence with the visual and performing arts. Surely this 
absolutely unique institution is a place of pride for the nation. 
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Mr. Boucher. Thank you, Dr. Lederman. 
Dr. Roy? 

STATEMENT OF DR. RUSTUM ROY, EVAN PUGH PROFESSOR OF 
THE SOLID STATE, PENNSYLVANIA STATE UNIVERSITY 

Dr. Roy. Mr. Chairman, first, as a working scientist, I write pro- 
posals. I wrote about 35 of them last year and I hustle bucks from 
all kinds of people. 

I come here though as a citizen, not as a scientist. I m concerned 
about the health of federally funded research, not about whether I 
can make a buck easier. 

I want to really commend OTA for the usual solid work which 
they've done in this report I mean, they always do it right The 
trouble is they've got to take a politic attitude. You saw in the an- 
swers to your question that they ha 'e to hedge their statements. 
Well, witnesses don't have to hedge their statements. 

Let me start with the first very good thing they did. On the issue 
number three, education and human resources, they really did a 
splendid job. I think they've put to rest this nonsense about short- 
ages. You can't talk about the shortage until you know the demand 
side. There is an oversupply of scientists today. You can get a post- 
doc for $25,000 anytime you want them, gross oversupply. 

Furthermore, their research has been supplemented by the 
American Association for Engineering Societies, the National Re- 
search Council, and the NAE President all of them support the po- 
sition—no shortage, no likely shortage— we've got the mechanisms 
to take care of it. 

However, in science education, what OTA failed to do was to 
point to Congress' own priorities. The Kennedy-Hatfield Resolution 
says, first priority, making a technically literate citizenry; second 
priority, increasing more scientists and better ones. I believe that if 
you're serious about your priorities— and I believe that is the secret 
of education for the minorities, the women, the whole resource 
pile— is technological literacy, Mr. Chairman, you won't get any 
action unless you put it in the language of the bill. If it says 50 
percent of ihs money has got to go for the technological literacy, 
you'll get it; otherwise, you won't. 

Now I want to talk ebout the issues that OTA did not address. In 
your letter, you asked us to comment on whether the report pro- 
vides a comprehensive discussion of the full range of issues. It 
didn't and I think for good reason. They were not given that big a 
charge perhaps. I think the worse thing is that the context of re- 
search was ignored. 

There is no such thing as research in academia. It is a system: 
science, technology society. I want them to put that thing up be- 
cause I want to show you competition, Mr. Chairman. We don't live 
in a simple world. I'll show you the Prime Minister of Japan sitting 
next to his ad 'wjy group, the science technology agency, to which 
I am an advisor now and then, and see what they say. 

They say the following things. "First we must look at the har- 
mony between science, technology and mankind and society." If 
you don't look at that system, it simply won't work. I think Mr. 
Boehlert was asking that same question, Mr. Packard was asking 
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that question. We've got to take a look at the whole system. That's 
one thing they missed, a systems look. 

Second one they missed is that our theory on science policy for 
40 years has been wrong. If you say science leads to applied science 
leads to technology, I've got a lot of bridges to sell you. If people 
still believe that stuff, the white coats should take them out. It 
doesn't It's technology that leads to science. It drives the system. It 
gives us the economic base on which it will go. 

Again, I think that in your little overheads I handed you, this 
committee asked the CRS to do a study of the relationship between 
the Nobel prizewinning and prosperity. It was an inverse relation- 
ship. I m a scientist I believe in data, and I think it's very interest- 
ing to see that no scientist refers to the data when they try to con- 
nect science, abstract science, to winning prosperity. 

Mr. Boucher. Dr. Roy, I'm going to interrupt you for just a 
second and advise some of the folks sitting at the table just over 
here that there's a screen about to come down and they might 
want to move. 

Dr. Roy. I thought I'd inject a little competition again. There is 
the Prime Minister of Japan again facing us and you notice that in 
this report which is February 1991, no later than that no earlier 
than that it savs, "Our two goals"— and I point specifically to the 
two goals— "achieve harmony, science, technology and society," if 
they are not embedded in each other, and the second one, "improve 
the efficiency of intellectual production activities." 

Our godforsaken system is so inefficient in the universities that 
what Dr. Schmitt said, I associate myself with his remarks. We've 
got a lot of room for improving our efficiencies. 

Now, I want to go back to what else they missed. First one, no 
one reads the literature. We had a meeting in Arizona last month 
on looking at the different national systems. Everyone agreed, no 
United States scientists anymore — not no— but most-people don't 
refer to the literature. 

Mr. Boucher. Dr. Roy, is that the entire use of the screen that 
you 11 need? 

Dr. Roy. Well, since we've gone through some of them, that's the 
use of the screen. Thank you Mr. Chairman. I was going to go 
through them all. You know scientists always use overheads. 

You could again improve the efficiency, Mr. Chairman, with one 
sentence. You can do more today by saying in the appropriations 
btik To assure that any recipient of Federal grants files a record 
of their having thoroughly read the literature, that's all, upon pen- 
alty of revocation of grant." Nobody is reading it The biggest mine 
of knowledge is not with the sophisticated instruments; it's with 
simple instruments. It's the stuff which really makes the world go 
around. It has got to be brought to human scale. If you don't read 
the literature, you're missing it Why don't you force us to read the 
literature. The science community won't do it without your fc ?ing 

The second one is what has been referred to, the proposal peer 
review system, as though God sent this damned thing down with 
Moses. He didn't you know— or she didn't The fact is that we've 
got many systems— the ONR system. Weinberg proposed an over- 
head system to free the Nation's scientists from big brother. I pro- 
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posed detailed systems. The OTA didn't even comment on new op- 
tions for funding. I think they should have. 

The second thing they foiled to do is to give you a handle be- 
tween two kinds of science. "2S science", science for society and 
"33 science", science for self and the institution of science. They're 
both good things, but one is a consumption good, the second one 88 
science, and the first one is an investment good. 3S science returns 
zero; I mean mathematical zero, to the nation that provides the 
money. Of course it provides it for everybody, not that it does 
either good, but it doesn't connect with the particular nation that 
supplies the money. Those 3S sciences should be justified as a vehi- 
cle for education or as a cultural activity. It should not become an 
entitlement. 

I'm afraid that the national science community somehow thinks 
if you've got a Ph.D., you should send me money from Washington. 
I think that's got to be stopped quickly. Otherwise well be eaten 
up by that monster. 

The OTA report also says our biggest failure is not to refer to the 
state of industrial research. Mr. Chairman, I am crying because the 
greatest institutions of American research are being shut down. 
Not one university is hurting that way, but Bell Labs, GS where 
this gentleman ran that lab. That was the greatest materials lab in 
the world, Bell Labs is the greatest research institution in the 
world. You'd better be concerned about that, not about universities. 
They can look after themselves. They are not doing too badly, 
thank you. 

The fact is that we are not paying attention to the place where 
research counts, in long-term research in industry. Somehow we've 
got to get it there in some new system, maybe even divert it if nec- 
essary, if push comes to shove, from universities to industry. 

What are my suggestions? Limit growth of S3 and S2 to COLA, 
coat of living; require agencies to make more efficient distribution 
systems; defer things like the supercollider for 10 years; and charge 
the OTA to come up with three alternatives uses for the same 
money. 

What Mr. Boehlert was asking about, I tell my students in sci- 
ence policy, never compare something with nothing. Give us three 
options and have a peer review, Mr. Chairman. The scientist is 
always crying about peer review. The total National Academy 
should be the peers. Ask what IRI did, ask the total Academies to 
rank them, where of these three or four options would you put 
your money for the health of the Nation and its science? I think 
youll come up with a very useful way of getting some guidance. 

Thank you, Mr. Chairman. 

[The prepared statement of Dr. Boy follows:] 
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PERSPECTIVE OF THE WITNESS 

Mr. Chairman, 

I am honored to be invited to testify before this Committee which in my view 
has a better grasp on the key issues of VS. policy in S/T and R/D matters than any 
other. 

I am an atypical witness at such hearings because I remain a working scientist 
(the 9 a.m,-ll p.m. type) who writes proposals, gets support from six different 
agencies and twenty companies, visits Washington twice a month, and rides herd 
on a research group. At the same time I also do science policy analysis and give 
advice at the state, federal and international level. I lecture regularly in some the 
worlds best labs and have specialized in Japanese R&D, since in so many fields it is 
they who now do and they who will increasingly determine the future of the 
world's science and technology, 

I am also atypical in that, my own field is interdisciplinary materials research — 
which happens to be the cynosure of R&D planners today. "Materials" is the kind 
of REAL science which 90% of the citizens think erf when they hear the word 
"science," and they even got a reasonably accurately picture when it is described. It 
shares this with other REAL sciences — agriculture, earth, health, engineering — 
which humans can touch and feel. All citizens are deeply interested in, aware of, 
and can relate to these REAL sciences. Indeed, most R&D especially the more 
esoteric science is sold to the public by making connections, however flimsy to the 
results and products of these REAL sciences. These applied sciences are directly 
connectable to human scale and human concerns, 

REAL sciences can be contrasted to typical ABSTRACT sciences— physics, 
chemistry, biology — which by a most unfortunate set of circumstances after WWII 
became equated to "science." Especially and almost uniquely in the U.S. (within the 
developed world) R&D policymaking has long been dominated by members of the 
abstract science community, who are technically the least qualified to do so. 

The consequences of this highly selective application of the word science are a 
gross distortion of national perspective. While the value and significance to the 
economy, health, welfare of the country is dominated by the REAL sciences the R & 
D policy is dominated by abstract science. To take an analogy, from the nation's 
"sports-economy*: these applied sciences represent the major sports: baseball, 
football, basketball, etc. On that scale sane abstract sciences such as particle physics 
and radio astronomy would lie somewhere between tiddlywinks and Chinese 
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checkers in their contribution to the nation's well-being. Yet the policy apparatus 
has been diverted to concern about the US tiddlywinks capacity. 

It is the applied or real sciences which connect the world of federally funded 
research to the national economy to the environmental concerns of the citizens, and 
their myriad of health issues. My comments on the OTA report are made from this 
perspective of the ££§1 science community. 

Summary Comments on OTA Document 

I start by noting that the document is characterized by a thoroughness and 
attention to detail that has characterized OTA from the beginning. It is very reliable 
in what it says. My comments, as will be seen, are not criticisms of what is there, but 
a look at what is not there. 

Mr. Chairman, your letter of invitation asks the witnesses to "comment on 
whether the report provides a comprehensive discussion of the full range of issues 
which require public policy attention in the coming decade" I take that as my first 
point of departure, 

I come before you as a citizen of tills nation concerned about the totality of its 
well-being— not as a scientist pleading a case for my community. I think you should 
be, as I am, more concern* - about the health and welfare of 200 hospital workers in 
Philipsburg, PA, who have just lost their jobs, or the electronics plant in Buffalo, 
NY, where the production has been moved to Mexico, than about the marginally 
increased difficulty of getting research funds for young or old faculty. No one 
promised me or each of today's new Ph,D/s a rose garden or a permanent federal 
entitlement. 

The OTA report in substantial part focusses only on the academic 
community— which in my view is the segment of thu national research community 
least important to the nation's well-being. All this may sound a little heretical to 
many scientists, and perhaps to many of the members. I mean quite literally 
"heretical," Because, as I said in a sermon in one of Washington's most prominent 
churches a month ago, "Science has become America's theology, technology its 
religion," That is very dangerous both to science and to the nation. Hence if 
someone, especially a prominent scientist tries to demystify science, take some of the 
hoopla and buncombe out of it, if he argues the case with data that academic science 
is neither particularly significant in »he totality of our national life, listeners are 
shocked When he claims, again showing data, that for the next decade or two most 
scientific advances will result in further economic setbacks to the US. economy, the 
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listeners react as if one were blaspheming. I developed that case before this 
committee in the last Congress: it was picked up nationally because it was so new as 
an idea. The origin of this is that over the last decades some parts of the science 
community have seduced the powerful elite— including members of Congress — by 
offering magic to heal the nation's problems. And it has cowed the non-sdentiflc 
intelligent^ into silence by its use of equations and technical Jargon, into not 
challenging the argument. 

Do I exaggerate? Is this mere rhetoric? You decide Here is an excerpt from the 
pen of the editor of Science, the flagship journal of American science. 

A Department of Science could be useful if it is devoted to untidiness 
and evangelism. It could serve as a catalytic force for increasing 
scientific research and generating scientific approaches in all phases of 
our society and our governmental structures. It could send out its 
missionaries to bring the gospel of basic research to the heathen ir the 
outer darkness. Science 227 (8 February 1985). 
My first point then is that the report, as well done as it is, stays wholly within 
the frame of reference of the academic science commi tity. In other words, the 
report starts and ends within the traditional r*tegories, language and methodologies 
of the R&D policy analysis of the sixties and seventies in the period of U.S. 
technological hegemony. The authors serai to be unaware — as is the vast majority 
of the U.S> citizenry and its science community— that the sun has set on that 
empire. 

Mr* Chairman, in your letter to your fellow members you indicate that 
witnesses will be asked if the report "covers all of the subjects which should be 
given attention to in the public policy arena" It is that request which I address first 

The document simply does not think BIG enough, or BOLDLY enough. Just let 
me c om p ar e the tone of the document to a similar document which arrived from 
Japan this week. The Sdence and Technology Agency of Japan publishes a 
newsletter. Prime Minister Kaifu's Council for Science and Technology on 
January 22, 1991 used very different language in tackling R&D policy for the decade. 

They write, "ILxenlty problems avt arisen that are difficult to solve by 
traditional approaches These include (a) achieving harmony between science and 
technology find mankind and society, and(b) improving the efficiency of intellectual 
production activities' (a and b added.) 

The context of research in the OTA study is confined to "research," not even 
development or technology, not the economy, and society is totally ignored. 
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Harmony, synergism within the team is not even mentioned. This is absurd The 
Japanese have taken to hart (as they did with Dealing's advice 40 years ago) what 
many of us American professors have been saying to than: "sdence can only be 
healthy in a healthy technology which in turn must fit comfortably into a healthy 
society/* 

The Bible says "This ye should have done ... but not neglected the other ako" 
The sated, analytical work on R&D polky is all there in the OTA report, but the new 
ideas being discussed among the nation's leading SAT participant managers are 
significantly absent 

Mr, Chairman, the Chair of the whole SRT Committee, the Honorable George 
Brown, in die commentary appended to my book with Deborah Shapley (Lost at the 
Frontier, p. 171) makes the point that the OTA report ignored He quoted from 
Vannevar Bush's Science: The fimflgy frmtjg. what most scientists conveniently 
omit: "It (science) con be effective in the notional welfare only as a mtmbtr of a 
team.*' 

Let me reinforce the absolutely vital point about die fact that sdence is only one 
member of a team by a very accurate football analogy — which befits sonwone who 
has spent 45 years at a great football school 

Sdence is like the quarterback on a football squad. By itself die QB cannot win 
football games, although he often gets the credit for the team's wins. But a team 
with one (or even two excellent backup) quarterback is totally ineffective if there are 
no good blockers, no pass receivers, no running backs. And a coach, having a losing 
season with such a team, who comes to die boss and asks for yet another quarterback 
would surely be laughed out of office. The OTA report has fbcussed cm the best part 
of the American team, its basic sdence, the QB, when all his best puses are being 
intercepte d by Japanese and German backs and run in for touchdowns, while the 
team's losses got worse every year. 

I will take as my contribution to this debate the printing up of some of these 
key areas where totally new critiques and new approaches are called upon in the 
federal funding of research, not in isolation but as a member of die national VS. 
team for research receiving national funding. 
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SUGGESTIONS FOR IMPROVEMENT 

1. The Demise of Economically Useful Research 

I was astonished to find almost no mention of die dire straits of the U.S. 
industrial scientific/ tectaotcgicai enterprise in a report on US. research. 

In case Congress does not know it, the OTA should study tell it that fay farfofi 
nKfil significan t "research" in the US, measured by its impact on the economy, 
jota iqthgkm^teTm research in industry which is pulled by and linked to 
new/Ur proved product development The important fact the Congress must know 
is that this most important research is dead or dying in all but a half dozen US. 
companies. I must as a witness tell you that to hear from "experts" (who have not 
been inside the laboratories of the major Japanese corporations in the last year or 
two) about the health of US research is to court disaster. This is no longer the 
sixties and seventies. The easy job of playing against no competition is over. It is 
now a competitive world of 541 out there, and to pretend that we can isolate 
"academic research" in national policy matters is ludicrous. I and a half dozen 
friends who are V P 's or senior managers of major US. companies occasionally 
meet around die breakfast table at die Tokyo Palace Hold every few months and 
weep as we have seen, over the last five years, in front of our eyes, in lab visits to 
Japanese companies, the disappearance of the US. "nationally useful* research 
capability, and the amazing ascendancy of its Japanese counterpart All this while 
academic research received an additional 30-50% (depending on details) over the 
decade 1978-88. 

The Congress must surely be made fully aware that what we are doing in 
research today, the sum total of the US, system: universities + government + 
industry, is not working any more to help the economy or create stable basic sector 
jobs or keep us competitive in major industrial sectors. 

2. The Negative Economic Value of Ssmfi Basic Research 

The OTA omits a second key axiom beyond any dispute regarding the value of 
"basic research." This is that "basic research alone, especially in the abstract sciences 
has absolutely Amnnmir value ft ftff na*^ 1 P avin f to ** " (This excepts the very 
important but incidental function of training students ) 

In 1985, Mr. G. A. Keyworth, Science Advisor to the President, made the 
following statement— the absurdity of which is self-evident on reading it "Bask 
research leads inevitably to technology and thence to prosperity 0 (Physics Today, 
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1985). Of course, the exact opposite is true. Technology, as the great historian of 
science, deSolk Price of Yale observed, leads to science in most cases. Yet no 
committee of the National Academy pointed out the absurdity of such a statement, 
or had Mr. Keyworth issue a "misspeaking" demurrer. Let us look at sc ne data. 

The Congress commissioned the C R. S. to do a study to stow the connection 
between basic research ami domestic "prosperity." The amazing result is shown 
below. Nobd prizes are one-ndbeit rather poor— index of basic research prowess. 
What the C It & report shows beyond any shadow nf doubt is that die better a 
nation is at winning Nobel prizes in physics and chemistry, die poorer its economic 
performance. If one of the justifications for academic research is winning 
international science prizes, surely it is essential to deal with such data . 

No one has challenged the C. R. S. report When I presented it before Japan s 
International Technology Forum it immediately became the subject erf discussion. 
And within six months senior Japanese policymakers woe not only showing it but 
building further on the idea. I commend it to the members of the Congress as the 
central graph to keep before its eyes whenever it is tempted to fund research like the 
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supercollider and space asdwomy to win Nobel prizes. Along with each such prize, 
another factory will probably disappear in your district 

Two Kinda of Science, Avoiding the Linguistic Trip 

In recent presentations I believe I have found a way for nontechnical 
policymakers in the Administration or in Congress to avoid the trap of appearing to 
be against "science," It is quite effective and accurate to separate two kinds of 
science: *2S science" or science * 2S stands far Science for Society. The kind of 
sdence— however long term— which is done to meet a need of the public or private 
sector. 35 stands for Science for Self and the institution of Science. This is the 
science which each practitioner does for self-gratification, chasing curiosity, or 
because she or he thinks it may advance the tiny part of the science world or 
discipline in which he or she works. It has no identifiable value to the culture or 
the nation The argument that from this kind of research comes the great inirades 
of science, transistors, new medicines, strong materials, is not backed by any 
historian. Of course such knowledge is used to make certain technologies work, but 
if it wasn't one kind it would be another. Even more relevant here is the fact tnat 
even if someone did combine such an idea with a dozen other necessary ingredients 
of capital labor, infrastructure, it could be any nation in die world that got the 
benefit-not the one that did the research. Such is the nature of 3S science a 
consumption good, not an investment good. I propose to the Congress that they 
clearly separate 35 science from 2S science when debating funding of research. 

Alternative Mechanisms for Funding IS (and 25) Research 

One of the most obvious failures of the US academic research system is the 
incredible waste of human talent in getting the money to the scientists. The CTA 
report failed to get across to Congress the magnitude oi this problem. 

The horror stories of the number of proposals received in response to a DOD, 
DOE or N5F proposal were insufficiently analyzed. The 'success rates" on occasion 
approach 1 in 50, even 1 in 100 in some cases* That means that the total national 
effort by scientists wasted in writing the 49 or 99 or 9 unsuccessful proposals is often 
worth more than the total national expenditure for some years, No sane country 
can waste 3040 percent of its best brains on writing essays and complain about a 
shortage of funds. 

I respectfully call the Congress' attention to the second goal of the ST Agency in 
Japan: "improving the efficiency erf intellectual production activities." 
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I am certain we on improve the efficiency of our lystem by a third in 3 years 
That means that without adding am dollar to academic research we could get a 33% 
increase in 'Intellectual production* by devising new funding mechanisms* The 
Japanese captured the automobile industry because they increased the efficiency (in 
miles per gallon) of their cars. Does it not strike the Congress as totally incongruous 
that the entire 5&T establishment has not made a single proposal to get rid of the 
"gas guzzler" funding system we have while they come to Congress yearly for more 
money. The report is therefore to be faulted in not analyzing the many alternatives 
which are available or have been proposed in more or less detailed form. I mention 
only three: 

1. Convert to a DOD, strong manager system; 

2. Elaborate on Dr. Alvin Weinberg's (founding Director of Oak Ridge) 
proposal to fund 3S idem* strirtlv as overhead on 2S science: 

3. Work out my own much more explicit and detailed model for funding based 
on a peer review of performance "formula." Any agency could try an experiment 
with this formula in one division in one year. My formula has three great 
advantages: (a) It recognizes the reality of die multiple purposes of funding science; 
(b) it provides much greater continuity, and a t^axinium geo graphica l distribution, 
both of which will add to efficiency; and (c) Congress can "fine tune" it intelligently, 
annually to respond to changing national needs. 

Peer Review of Inter-Field Funding 

It is astonishing that the science community which claims that it lives by peer 
review has not asked that the total allocation of resources fflflM figlflq be peer- 
reviewed by the total science community or their representatives. Alvin Weinberg, 
again, in a separate paper 25 years ago, pointed out that the most significant review 
of any field would come from scientists on the periphery of the field. It would, I 
believe/ be absolutely m ffltiil data for Congress to commission a study which 
would give them the peer-reviews by the national community of scientists of the 
present allocation of funds among fields . This could be done by asking a national 
sample; or a sample of die National Academies' members, or whatever, to rate or 
review the present allocation: (a) among fields; (b) between Big Science and Little 
Science. This should be followed by parallel intrafield surveys: Thus surely the 
physics community as a set of peers should vctee their opinion on what percentages 
of the funds should go to particle physics (including the SSQ, solid state physics, 
atomic physics, etc The Sigma Xi survey is a beginning in this direction which 
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showed that only 2% of scientists would give priority to the SSC If peer review is so 
significant in science, why is it not being applied hoe? 

In fact, of course, the peer review system, as Deborah Shapley ami I pointed out 
years ago, a $ practiced bears no resemblance to a "jury erf one's peers" in the halls of 
Justice. In science we pointed out "an axe murderer" would insist cm a jury of only 
axe murderers to judge her or him. It is tiro for a change. 

Thus a national peer review of the present allocation among fields would be an 
invaluable guideline for Congress, 

SPECIFIC OVERVIEWS OF STUDY 

My overall impression of what is contained in the study is one of solid 
achievement. The facts marshalled and presented, the organization around four 
key themes, the even-handed treatment of divergent policy viewpoints are all 
exemplary. 

I want specifically to call attention to and commend the OTA authors for 

(a) Avoiding the "basic-applied" trap. 

(b) Calling attention to the real, albeit mechanical, need for a system of data 
collection which will make national planning very much more reliable, 
but not politically easier, 

(c) Tackling their issue #3, "education and human resources," and coming 
down forcefully on the side of those that believe that there Is certainly no 
shortage now. Moreover, since it is impossible to attempt a responsible 
projection of the demand even 5-10 years out cries of shortfall are 
meaningless. Even more reassuring to the Congress is the analysis that 
shows that the nation has several mechanisms to cope with developing 
needs. 

I would add to their references on p. 33, 34, two references which dearly make 
the case that not only is there no shortage of engineers (AAES, Engineering 
Manpower Bulletin #105, 1991), there ,uay indeed be far too smx scientists (RM 
White, Presidential address, NAE, Oct 2, 1990). 

Indeed here again the document could have added some marketplace data. If 
in the US. we believe in the marketplace test, how is it Out no data were cited to 
show that postdocs in most science fields are available *ith 2 years of experience at a 
salary of about $25,000. To cry shortage in the light of that situation and an 
impending economic downturn, and increasing competition from Japanese and 
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German establishments, is absurd. The OTA document is appropriately politic but 
it could have compared the braindrain scenario which exists in England today, 
when that country is paying to tr in Fh.D.'s which promptly leave for many other 
countries in the world. 

In the section on Research and Education in flux, the report correctly points to 
the thinking of our best minds in the field such as Ernest Boyer and the Carnegie 
Foundation report. But it foils in two respects. First, it does not squarely lay the 
blame for the sorry state of science education cm the academic research 
establishment, which through its official proxy — the National Science Board- 
presided over the emasculation of the education directorate of the NSF from 30-40% 
of the total in the late fifties, to 2% in the early eighties. "Repentance" of earlier 
mistakes is the pre-condition for healthy living. Is there evidence that the 
research science community has repented of its outrageous neglect of science 
education? 

Secondly, the report fails to make recommendations whereby the Congress 
could legislate to attain the goals such as those outlined by Bjyer. 

Boyer's repoit advocates, for example, much greater emphasis on 
interdisdplinarity and application? (of science). The Kennedy-Hatfield resolution 
last year itself calls for "scientific and technical literacy" as the Congress 1 first goal for 
science education. Every member know that these sentiments must be 
incorporated into the language of appropriation bills if they are to be effective. The 
academic research establishment has totally failed to INSTITUTIONALIZE 
interdisdplinarity on its campuses, technological literacy takes a backseat to making 
more and better scientists. But with a stroke of the pen Congress can achieve the 
goals, by, e.g. having NSF, NIH earmarking money only for institutions that have 
insfalleu permanent interdisdpliiu.;' structures. Especially as the conclusion is 
confirmed that there it no impending shortage of scientists and engineers, surely as 
the Kennedy-Hatfield resolution suggests, language such as tha' which "Project 
50:90" advocates propose, would be appropriate. That "$Q% of all N5F and DOEd 
funds be spent for technological literacy of 90% of the dtizens who will not be 
scientists, but Congresspersons, CEO's, Presidents, iabor leaders and voters " 
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Vila of Witness 

Rustum Roy is Evan Pugh Professor of the Solid State, Professor of 
Geochemistry and Professor of Science, Technology and Society at Hie Pennsylvania 
State University, 

Professor Roy is one of the nation's leading materials scientists specializing in 
synthesis of new ceramic materials. He has published 500 papers and 5 books and 
received many awards. He is a member of the U.S. National Academy of 
Engineering, a foreign member of the Royal Swedish Academy of Engineering 
Sciences and the Indian National Science Academy. 

Professor Roy's specialties include science policy, science education and the 
science-religion interface. He has been involved in science policy making and 
analysis for two decades at the State, Federal and international levels, and in the 
private sector as first chair of the National Council of Churches Committee on 
Science, Technology and the Church. He has written major books and dozens of 
articles in these fields and delivered the prestigious I iibbert Lectures in theology in 
London. 

For the last decade he has become a national spokesperson for the cause of a 
radical redirection of math and science education towards the goal of the 
technological literacy of the majority of citizens, instead of making more or better 

"scientists." 
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OTA Report 



Especially valuable was the treatment of 
Their Issue #3, "Education and Human Resources" 

NO SHORTAGE OF SCIENTISTS NOW — DATA SHOW TOO MAN V NOW AND NO BIRTH 
CONTROL. 

• N.R.C., AAES, N A E statements confirm OTA view. 

NO WAY TO PREDICT DEMAND. 

U.S. HAS MANY MECHANISMS TO ACCOMMODATE FLUCTUATIONS. 

mffiESSSF PF ™ S ' C0NC?RESS SHOULD ACT TO ACHIEVE ITS OWN HOA1 * IM SCIENCE 



congressionally mandated increases in science education, be devoted 
to explicit Congressional goals of Kennedy-Hatfield resolution, 

PROPORTIONATELY AIMED AT TECHNOLOGICAL LITERACY FOR ALL CITIZEN S. 

Congress must use explicit language in legislation: 

e.g. prqiecr sfcsfl. "50% of the budget for 90% of the people" (via approaches such as 

project 2061. STS programs dealing with nuclear waste, genetic engineers, job loss, 

ETC. ISSUE ORIENTED MUSEUM PROGRAMS; NEW APPLIED SCIENCES IN K-12, TO RECAPTURE 
VOCATIONAL AND INDUSTRIAL ARTS STREAMS, ETC.). 

OTHERWISE SCIENCE EDUCATION PROGRAMS FOCUS ON MAKING MORE SCIENTISTS. 



OTA Report 

Major Omissions 



Dire straits of the most important component of U.S. research 
long-term research in industry. 

Absolute need to divert funds (if need be) not only to civilian 
industry-supporting research. 

And if push comes to shove, mm universities to industry. 
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OTA Report 



failed to think big 
Address global issues 



1. The context of "research" was ignored. Science must fit within 

TECHNOLOGY, WHICH IN TURN MUST FIT WITHIN SOCIETY [CF. JAPANESE P.M.'S 

STA Committee, Feb. 1991. 

2. That U.S. policy for 40 years has been based on a totally erroneous 
hypothesis. Science -> applied science -> technology. 

"Science leads inevitably to innovative technology and thus to 

PROSPERITY" (KEYWORTH, 1985). 

• Every historian knows it is exactly opposite! 

• Compare Japan and England and their science vs. their technology. 
*Nuff said. 

3. No reference to C. R. S. 1986 Study conclusively showing negative 
■» r j p 3 correlation between winning Nobel prizes and growth of GDP. 
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OTA Report 

Failed to Point out the Horrendou s iNEmninsirtF^ of Present System 



NO ONE IN U.S. READS THE LITERATURE (NOT TRUE IN JAPAN OR USSR). 

Results in huge waste, and in misleading agencies. Congress could 

EASILY PUT LANGUAGE IN APPROPRIATION BILLS TO REQUIRE AGENCIES 

"TO ASSURE THAT ANY RECIPIENT OF FEDERAL GRANTS FILE RECORD O r THEIR 

HAVING THOROUGHLY READ THE LITERATURE UNDER PENALTY OF REV'j "ATION OF 

GRANT." 



NO CRITIQUE OF PROPOSAL REVIEWING SYSTEM. UNBELIEVABLE. 

• Wastes 35+% of total time of most valuable scientists. 

• Much more efficient systems must be experimented within this decade 

• dod — strong managers 

• Weinberg — overhead 

• Roy — Peer-reviewed peivormance * , 



OTA Report 

Failed to Find Useful Categories of Science W.R.T. Value to Public 

2S science: Science for Society. Science serves public and private sector. 
Supported for national objectives by all agencies. 

3S science: Science for Self and institution of Science. 

RETURNS ZERO. TO THE NATION WHICH PROVIDES FUNDS. 

Every nation can, does and will always use 3S science from 

WHEREVER IT IS AVAILABLE. 

3S SCIENCE CAN BE JUSTIFIED • PARTLY AS VEHICLE FOR EDUCATION 

• CULTURAL ACTIVITY AT MODEST LEVEL 

Entitlement and welfare atti iude on part of science 1 0 S 

COMMUNITY MUST BE ELIMINATED. 



INNOVATIVE DECISIONS FOR A DECADE 



Limit growth of 3S science to cola. 

Require agencies to develop more "efficient" $ 
distribution system. removing the big brother 
constraints on research directions of individual 

SCIENTISTS. 

Defer SSC for ten years while international 

COLLABORATION IS WORKED OUT. 

Charge OTA to come up with 3 alternative uses for 

SAME FUNDS FOR SCIENCE. 

Use savings to radically channel new scientists and 
teaching. 
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Mr. Boucher. Thank you, Dr. Roy. 

Dr. Lauffenburger, we'll be happy to hear from you, sir. 

STATEMENT OP DR. DOUGLAS A. LAUFFENBURGER, ALUMNI 
PROFESSOR OF CHEMICAL ENGINEERING. UNIVERSITY OP IL- 
LINOIS 

Dr. Lauffenburger. Mr. Chairman, my comments are really just 
those of a foot soldier in the trenches, though I may be the monster 
to which the previous speaker referred. We'll find out, I suppose. 
What I will present is not a brief for the health of American scien- 
tists but for the health of American science and engineering re- 
search and education. 

It's not really stress on a faculty member that's the problem, but 
just that we must now spend so much time obtaining funds that it's 
difficult to do the job we're really supposed to be doing, that of 
teaching and of education, so it's not the stress, it's the effects of 
that stress on doing our job. 

A number of trends have converged to lead to this current situa- 
tion in which researchers perceive the system to be primarily 
driven by funding pressures. There is greater demand on faculty 
members to generate funding revenue than ever before, while at 
the same time the ratio of available funding to the amount sought 
is decreasing. 

I see three main reasons for this. First and foremost, the range 
of potentially valuable research project directions is expanding rap- 
idly because new ideas and technology increase vision and capabili- 
ties exponentially. The number of well- educated investigators in- 
terested in pursuing these directions with the appropriate methods 
and tools is increasing correspondingly. 

Second, an increasing number of universities are asking for sub- 
stantial research efforts from their teaching faculty. Third, histori- 
cally research-based universities are requiring increased contribu- 
tions from faculty toward salary coverage and other expenses from 
their grants. 

All of these factors are working together so that the role of facul- 
ty members is now considered by many universities to be as fund- 
raisers as well as scholars and teachers. In tenure and hiring deci- 
sions, the question: can he or she raise substantial levels of funding 
a a very important factor. This is having strongly detrimental ef- 
fects on the scientific community by both distorting the research 
portfolio and by discouraging present and future participants, 

The research portfolio is distorted toward a conservative bent be- 
cause when only a small percentage of grant proposals can be 
funded, projects previously demonstrated to be productive are 
much safer bets than those in which hypotheses and approaches 
are innovative but risky. 

Discouragement of researchers is especially tragic at the present 
moment for two reasons. First, so many scientific fields are now of- 
fering dramatic advances promising revolutions in technology with 
great economic benefit; and second, just when the need for greater 
participation by underrepresented demographic groups is being rec- 
ognized and encouraged, the insecurity of an academic research 
career makes it a poor choice compared to most other professions. 
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Regarding the specific issues discussed in the report, my chief 
criticism is that the interplay between research and education, 
which is vital, is underemphasized in exploring the issues. This 
criticism will be fleshed -nit in my brief comments to come. 

Issue one, setting priorities. I agree with the report's assessment 
that no matter what the level of absolute funding, priorities must 
be established. There is no question that megaprojects must be sub- 
ject to cross-cutting priority- setting. These along with large 
'center" or "program' projects jriay a quite different, and, I be- 
lieve, subordinate role in addressing the Nation's needs compared 
with small team or individual investigator projects. The latter con- 
tribute much more significantly to education and to unexpected sci- 
entific breakthrough even while the former may help solve specifi- 
cally targeted tasks in the short term. 

The fewer the ideas being supported, the greater the chance for 
scientific stagnation. It would be extremely unfortunate if scien- 
tists receive the message that the most successful way to gain re- 
search support is to emphasize participation in megaprojects or 
large centers. Macro-level policy decisions should be made regard- 
ing the amount of investment for large scale research quite sepa- 
rate from the foundational need to support small scale research in 
a way which does not compromise the future. 

Issue two, understanding research expenditures. Just one small 
remark here that I'd like to make which concerns the possible 
trend mentioned for academic research to move toward an industri- 
al moc)el where project teams are larger and more specialized and 
responsibilities are more distinct. 

I would submit that this industrial model has not served as the 
basis for the historical technological superiority of the United 
States- It is therefore extremely interesting to learn from this 
report that the overall costs of such a model are in fact greater 
than for the more traditional investigator or small team model be- 
cause the educational benefits from the larger teams are also gen- 
erally inferior. 

Issue three, adapting education and human resources. I strongly 
believe that the key to education is research done with an educa- 
tional emphasis. Knowledge is taught best when the student sees 
how new knowledge is created. Any weakening of this connection is 
primarily due to the growth of centers and large research teams in 
which education is not a m^or focus. 

Increased support for individual investigator and small team re- 
search will go a long way toward strengthening that connection 
and generating more excitement about science among undergradu- 
ates. 

Interdisciplinary research does not require centers or large 
teams. Indeed* to the extent that these promote intragroup speciali- 
zation, they can actually be counterproductive to a good interdisci- 
plinary educational experience. 

I would strongly discourage increased emphasis on centers and 
large trams as a favored model for academic research. 

Issue four, refining data collection and analysis. Measurement of 
research c 'tcomes is difficult from a management point of view. 
Attempts to put it on a seemingly quantitative bads such as biblio- 
metrics as mentioned in the report, are fraught with danger. Cita- 
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tion indices, for example, only measure a snapshot of current 
thought regarding a scientific topic but are of little value in pro- 
jecting what will truly show up as a valuable contribution in the 
future- 
Policy options* Significant improvement in the academic research 
environment is necessary to prevent the discouragement of a gen- 
eration of scientists and the technological base for the United 
States that they would develop. For the sake of both education and 
scientific progress, priority-setting policy must favor increased sup- 
port for the individual investigator and small team laboratory 
models. 

This concludes a brief summary of my written testimony, Mr- 
Chairman* 

[The prepared statement of Dr. LaufTenburger follows:] 



113 



103 



COMMENTS ON OTA REPORT 
"FEDERALLY FUNDED RESEARCH: DECISIONS FOR A DECADE" 

Douglas A. Lauff en burger 
Alumni Professor of Chemical Engineering 
University of Illinois at Urbana -Champaign 

I have been asked to comment on three major aspects of ihc OTA Report, "Federally 
Funded Research: Decisions for a Decade 1 , These arc; (J) whether the report provides a 
comprehensive discussic. of the full range of issues which require public policy attention in the 
coming decade, and which issues are most important; (2) trends which have Jed to current stresses 
in the academic research system; and, (3) the policy options developed in the report 

My comments are not intended to be those of a spokesperson for the scientific 
community, but rather of merely a footsoJdter in the trenches of acackrnic research. Nonetheless, I 
will not present a brief for tSe health of American scientists, but instead for the health of American 
science and engineering f ,icrcafier simply referred to as science) research and education. J will 
stan by describing the trends which I believe had contributed to the current stresses in the academic 
research environment, then follow up on the issues requiring public policy attention and finally the 
policy options. 

Trends Contributing to Cur rem Stresses 

A number of trends have converged during the past decade to lead to the current 
situation in acidemia, in which researchers perceive the system to now be pimarily driven by 
funding pressures. There is greater demand on faculty members to generate funding revenue than 
ever before white at the same time the ratio of available funding to the amount sought is decreasing. 
Not all of the trends leading to this situation are necessarily negative, in fact some arc highly 
positive, but the resulting situation is undeniably detrimental to the health of scientific research now 
and for the future, 

1 . Above all, the range of potentially valuable research project directions is expanding 
rapidly, because new ideas and technology increase vision and capabilities exponentially. The 
number of well-educated investigators interested in pursuing these directions, with the appropriate 
methods and tools, is increasing correspondingly, 

2, An increasing number of universities are asking for substantial research efforts from 
their teaching faculty. Universities' motivation may arise from a number of driving forces, 
including a desire for higher caliber of faculty (because most PhD graduates wish to have a 
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research component to their academic caw), increasing competition for undergraduate students 
(with a research experience providing an added attraction to the normal educational experience), 
god, possibly, a need for alternative revenue sources (other than tuition, endowment giving, and 
taxation). 

3. Historically research-based universities are requiring increased contributions toward 
salary coverage and other expenses from faculty grants, perhaps because of a need for alternative 
revenue sources. 

All of these factors are working together so that the situation now exists in which the 
role of faculty members is considered by many universities to be as fundraisers as well as scholars 
and teaches. In both tenure and hiring decisions, the question: "Can he or she raise substantial 
levels iif funding?" is an important factor. There seems to be almost as much emphasis on the 
"input* :o research (thai is, funding) as on the "output" (new knowledge and educated students). 
This is moM certainly having detrimental effects on the scientific community, by both distorting the 
research portfolio and by discouraging present and future participants. The research portfolio is 
distorted toward a conservative bent because, when only a small percentage of gram proposals can 
be funded, projects previously demonstrated to be productive are much safer bets than those in 
which hypotheses and approaches are innovative but risky. Discouragement is manifest and easy 
to document in faculty colleagues leaving academia and students declining to enter. This is 
especially tragic at the present moment to two reasons; first, so many scientific fields are now 
offering dramatic advances, promising revolutions in technology with great economic benefit; and, 
second, just when the need to grep.^r participation by undcrreprcsented demographic groups is 
being recognized and encourage a, the tremendous insecurity of an academic research career makes 
it a poor choice compared to it ost other professions. 

jssuts Discussed in OTA Report 

Given this background, I am reasonably satisfied with the issues raised in the report, 
though not with all the solutions offered. Table 1-1 in particular is extremely helpful in outlining 
the conflicts to be resolved in policy making. My chief criticism is that the interplay between 
research and education, which is vital, is underemphasized in exploring alternative sides of the 
issues, This criticism will be fleshed out in my specific comments which follow. 

ISSUE I - Setting Priorities : 1 agree with the report's assessment that, no matter what the level 
of absolute funding, priorities must be established There is no question that "megaprojecu" must 
be subject to cross-cutting priority-setting. These, along with large "center" or "program" projects, 
play a quite different - and ! believe subordinate - role in addressing the nation s needs compared 
with small-team or individual-investigator projects. The latter contribute much more significantly 
to education and to unexpected scientific breakthroughs, even while the former may help solve 
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specifically-targeted tasks is the slum term. The fewer the ideas being supported, the greater the 
chance for scientific stagnation. Macro-level policy decisions should be made regarding the 
amount of investment desired for large-scale ("targeted") research, followed by similar decisions 
choosing among candidates, quite separate from the foundational need to suppon small-scale 
("educational") research in a way which does not c omprom ise the future. Figure 1-7 is very 
instructive in demonstrating how rnegaprojects can indeed erode the fundamental scientific research 
base, but it does not go far enough in charting the similar effects of centers and program projects. 
St would be extremely unfortunate and counterproductive if scientists receive the message that the 
most successful way to gain research support, in these times of great pressure to do so, is to 
emphasize participation in rnegaprojects or large centers. How to involve scientists effectively in 
cross-disciplinary priority-setting is a crucial issue, unresolved in this report. Scientists are trained 
not to be consensus seekers and not to extrapolate their judgments beyond their areas of expertise. 
One possible approach would be to assemble an overlapping group of distinctly imerdisplinary 
scientists on technical advisory panels for cross-cutting decision making. However, it would be 
dangerous to provide too much "top down", macro-level targeting of small-team and 
inumdual-invcsugator programs. 

Issue 2 - Understanding Research Expenditures: Most aspects of this issue are addressed 
very well in the report One remark worth making concerns the mention of a possible trend of 
academic research toward an "industrial model", where project teams are larger and responsibilities 
are more distinct within the group. I would submit that this "industrial model" has not served as 
the basis for the historical technological superiority of the U.S. It is therefore extremely interesting 
to learn from this report that overall costs of such a model are greater than for the more traditional 
individual-mvestigator or small-team * xkl, because the educational benefits from the larger teams 
arc also generally inferior* In sum, there appears to be little reason to encourage such a model for 
academic research. 

Issue 3 - Adqptiny Education and Human Resources to Meet Changing Needs: This section 
contains some slightly misguided notions. There are really no compelling arguments for targeting 
center-type funds to "have-not" institutions. "ftork-barreT research funding should be avoided 
completely. It is quite difficult to build "centers of excellence" in an isolated fashion, especially in 
the modem nuihidjsriplinsry scientific environment The best way to drive diffusion of funding to 
"have-not" universities is to increase the percentage of individual -investigator or small-team grants 
funded. I also disagree thai the connection between research progress and cultivation of human 
resources is necessarily growing more tenuous. I strongly believe that the key to education is 
research ~ done with an educational emphasis. Knowledge is taught best when the student sees 
how new knowledge is created. Any weakening of this connection is primarily due to the growth 
of "centers" and large research teams in which education is not a major focus. Increased suppon 
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for indivkJuaJ invtsngatw and smalJ-tcam research will go a kmg way toward strengthening thai 
connection, and generating more excitement about science among undergraduates. Further, 
interdisciplinary research does not require centers or large teams; indeed, to the extent that these 
promote intra group specialization, they are actually counterproductive to an interdisciplinary 
research education experience I would strongly discourage increased emphasis on centers and 
large teams as a favored model for academic research, Finally, the chief bamer to greater 
participation by traditionally undent presented groups in research is the need for improved 
educational opportunities at the K- 12 educational level. Agencies responsible for funding scientific 
research will do best to focus cm scientific merit as the decision criterion. As I stated earlier, the 
best way to attract minorities into the scientific community is to alleviate at least some of the 
tremendous insecurity they see in it compared to alternative career possibilities, so that they can 
more easily see the exciting benefits of intellectual challenge and role-mode! service 

Issue 4 - Refining Data Collection and Analysis to Impr ove lfcsc-»"ft Decisionmaking 
Measurement of research outcomes must remain elusive from a quantitative, management point ol 
view. Attempts to put it on a seemingly objective basis, such as "biWiorrtetncs", is fraught with 
danger. Citation indices measure a snapshot of current dogma regarding a scientific topic, but are 
of little value in projecting what will truly show up as a valuable contribution in the future. They 
cannot anticipate new breakthroughs, nor the slow incubation of a significant innovative approach 
The importance of many ideas is not immediately recognized upon publication. I believe it is the 
case that many Nobel laureates cannot be found near the top of citation index rankings, Peer 
review remains the most reliable form of current evaluation, although only hindsight is truly 20-20 
It is also doubtful that substantial funds will be best spent on increased agen» M Election ^nd 
analysis. 

Policy Options 

My comments here are short and simple. Significant improvement in the academic 
research environment is necessary to prevent the discouragement of a generation of scientists - the 
current young facuhy and the potential young faculty who are currently students and the 
technological base for the United States that they would develop. For the sake of both education 
and scientific progress, priority-setting policy must favor increased support for the 
individual-investigator and small-team laboratory models. The genius of American science has 
never been a result of "top down" idea management promoting a few favored propositions, but 
rather has derived from encouragement of creative individuals free to pursue innovative ideas in the 
scientific marketplace. 
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Mr. Boucher. Thank you very much and the Chair extends 
thanks to all of the panel members for their attendance this morn- 
ing and sharing their ideas with us. 

To begin a series of questions, we, 1 think now, are very much 
aware of the fact based on the OTA report, but also on other infor- 
mation that is currently available, that many projects today that 
are submitted to funding agencies for funding are not being funded 
because of the very large number of meritorious projects being sub- 
mitted, and that while we do have more funds available today for 
these projects, that's enough to fund even those that truly have 

merit. . . c » 

So the result is that many truly meritorious projects are in tact 
not being funded today That being the case, I wonder if there are 
other qualities that we should look to in addition to scientific merit 
to give us a guide for making decisions among those projects that 
do have merit and pass that basic test. 

For example, I think Dr. Lauffenburger, you had suggested that 
the educational value that comes from having the project funded 
should be considered. Are there other factors that we ought to be 
looking at? Should we look at building geographic strength in con- 
ducting basic research? Should we be looking at building institu- 
tional strength among universities that perhaps have not partici- 
pated as fully in the process in the past? Are these values that 
ought to be taken into account as well? 

Dr. Lauffenburger, you had mentioned vhis point in your testimo- 
ny, so let's begin with you. 

Dr. Lauffenburger. Yes, in my written testimony I address this 
briefly. What I attempted to say was that I believe geographic di- 
versity and these other criteria are important but the way to go 
about them is to not target, focus large center type funds because 
that's very difficult to sort of unilaterally impose a center of excel- 
lence in a place without all sorts of supporting departments and so 

forth. ,. . 

I still believe the best way to get a stronger distribution away 
from very small, focused, perhaps over-represented areas is just by 
increasing the number, the actual percentage of individual investi- 
gator projects that can be funded because in fact that will allow 
more of them to be distributed other places around the country, so 
I believe that's the most effective way to do it. 

Mr. Boucher. All right Dr. Roy? 

Dr. Roy. I'm afraid you fall for the scientists line that there are 
more meritorious projects out there. Forget it Most of that stuff is 
junk. The fact is that the new citation studies are saying that a lot 
of the stuff is never referred to, so say there is a lot of meritorious 
projects out there, I challenge that assertion. There is no basis in 
fact. It's simply somebody wrote a damned fool essay and you re 
supposed to say that's a meritorious project? No evidence its a 
more meritorious project. f , 

1 support Dr. Lauitenburger s position on the question of educa- 
tion linkage. That is an absolute gain and I think the best way to 
do it is to what the Ministry of Education does m Japan. Dr. 
Schmitt referred to NDEA projects in the 1950s and 1960s where 
we could give fellowships and assistantships directly to students. 
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That's the way portable traveling assistantships so that can educa- 
tion and research can be linked. 

The second thing which I think we need is to really pay atten- 
tion to the economic consequences. You asked for the second crite- 
ria- I would say you jolly well link it to a regional economic devel- 
opment The States are where the action is. It's no longer at the 
Federal level, but at the State level if somebody can link to a State 

Eragram for economic development, that graduate program should 
e supported. 

Mr. Boucher. So you're saying there may be some difference of 
opinion as to whether there are in fact meritorious projects not 
being funded? 

Dr. Roy. Absolutely. 

Mr. Boucher. Do you agree that we ought to add as criteria for 
project selection building educational components and the value 
that is attached to that and also economic development and region- 
al development of institutions? 

Dr. Roy. But you ought to ask for a criterion which is so simple, 
Mr. Chairman. Every proposal now we send to six agencies, and 
they say there is a tremendous proposal pressure out there! Non- 
sense* Every paper is repeated six times. That doesn't mean there 
is good stuff out there. You Ve got to be very careful in saying, who 
said there is a meritorious project out there. 

Mr. Boucher. Thank you for your thought-provoking contribu- 
tion. 

Dr. Schmitt? 

Dr. Schmitt. I perhaps don't go quite as far as Dr. Roy in some 
of his statements but I just want to point out there is a difference 
between a large fraction of proposals that don't get funded and the 
number of investigators that don't get funded, A piece of data we 
really don't have well in hand now is how many of the people out 
there submitting proposals that don't get funded are getting money 
from other areas? 

This brings me back to another thing. If you look at the data, Dr. 
Roy mentioned that State support has been growing. Interesting 
enough, institutions own support, the academic institutions own 
support has been growing much more rapidly than State support in 
spite of the publicity that State support has been getting. 

In fact, that may be one of the reasons for some of the stresses 
out there. I can ten you that institutions of higher education today 
are facing some fairly stringent financial challenges and yet, their 
own investment of their own resources into funding has been grow- 
ing. 

I can give you an example of that. My own institution, I now 
know what those costs are. We perform about $48 million worth of 
research per year; we receive about $41 million to do that research, 
We are putting $7 million of our own money which comes from en- 
dowment and gift income into the subsidy of the research we do on 
campus. I suspect that's true on many other campuses and in 
today's economic climate, it presents some problems or its own. 

Mr. Boucher. Dr. Lederman? 

Dr. Ledbrman, I think the question you addressed is of scientific 
merit and I think the OTA— I didn't nave too much problem with 
their way of doing it They say scientific merit has to be the first 
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criterion but there are other things you want to accomplish which 
is the preparation of future resources* I think the geographic distri- 
bution is a refined thing because there are all sorts of talent out 
there that you begin to discover if you haw local institutions which 
are strong and research centers around the country. So there is a 
very good benefit to that 

Other preparations for the future like giving recognition to mi- 
norities, bringing women in as part of the research program are all 
beneficial. I thought the OTA discussion there was balanced and 
correct, but you nave to remember that if you are supporting sci- 
ence, you've got to watch the merit of the science and not water 
down that quality too much because then it's a balance between 
the quality of the science and the preparation of the future. That's 
why science and education are so tightly bound* 

Mr. Boucher. One of the trends that we are witnessing now is 
increased industrial support for university-based research. Is that a 
healthy trend? Are there problems associated with that? Are we 
achieving about the right balance do you think, between Federal 
funding, the university s own funding and funding from the private 
sector? 

Dr. Schmht. Well, yes, 1 can speak to that from both sides of 
that equation. I'd have to tell you it's some of the practices I had 
that I'm unhappy with today, so I wish I could have anticipated 
where I was going to be when I was establishing some of the poli- 
cies. 

Levity aside, I think the industrial support of academic research 
is a very healthy thing, provided it is done in the right way. I do 
not believe it is healthy for industrial institutions to put a lot of 
additional restrictions on academic research, on publication poli- 
cies, and the like. 

My philosophy has always been, even when I was on the other 
ode of that equation, that for an industry to put money into aca- 
demic research, it ought to put it into areas that it's prepared to do 
something about rapidly. 

The competitive advantage an industry can get out of supporting 
academic research is to themselves be well prepared to take up the 
results of that research more rapidly than any of their competitors. 
I think that is a philosophy and approach that ought to be promul- 
gated widely among industrial supporters of academic research. 
Frankly, the industrial support of academic research I would 
ess is not going to continue to increase as rapidly as it has been, 
you look at Figure 2 of what I turned in, you will see that over 
the 20-year period 1969-1989, the industrial support of academic re- 
search has been growing about 15 percent per year. It was about 
12-1/2 percent in the decade of the 1970s, about 18 percent in the 
decade of the 1980s. My guess is that's going to drop off some, so I 
think that is not going to be as rapidly a growing area as it has 
been in the past. 
Mr. Boucher. Dr. Lederman? 

Dr. Lkdsbman. I have no problem there. I think that's a question 
of the free enterprise system working. The industrial components 
want to get research done and they can get it done in the universi- 
ties and the universities have a choice. They can take it or not take 
it, so I think that's a fine thing to do, I don't see any real problem 
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unless there were constraints on the publication or constraints on 
which students could perform that work, but other than that, it's 
certainly a positive thing. 

Mr. Boucher. Are you generally concerned though that as the 
private sector funds a greater percentage of the research taking 
place at universities that the research becomes too mission-direct- 
ed? 

Dr. Lederman. Yes. 

Mr. Boucher. Is that something we ought to — 

Dr. Lederman. I would worry about it if it came to that. On the 
other hand, that's why we have the Federal Government. I think 
clearly the obligation to support the abstract research, the useless 
research, as was referred to, is a part of the Federal Government. 
There is no guarantee of anything happening in that kind of re- 
search—high risk intellectual activity. 

If the imposition of other more directed research harmed that, if 
people would say that's the only place I can do my research, that 
would be a problem. Again, it's a question of balance, balance be- 
tween basic and applied and then a balance between the sources 
and the motivations. 

Mr. Boucher. Dr. Hoy? 

Dr. Roy. I think that's one of the healthiest things which hap- 
pens but I agree with Dr. Schmitt is that that's pretty well peaked. 
I don t think it's going to go up. In fact, this year we ran by the 
way the lab which has the highest percentage of industrial re- 
search of any similar lab in the Nation, and we are next to MIT 
but he's got a private institution which has the highest percentage 
for a university. I'm talking about a lab. So we are both experi- 
enced in that field. 

I think moreover when we talk about peer review, let me tell you 
that the best peer review is when somebody puts $50,000 and says 
hey, this is good work, I'm willing to put $50,000 behind it. So I've 
suggested many years ago that the best system would be for the 
Federal Government to give an incentive to universities who do get 
industrial research, to have Federal matching funds. It eliminates 
all this "kerfuffle" in NSF and all that which we don't need at all. 

The simplest and most precise peer review is industry putting in 
money. I m not suggesting that money be given to industry. I'm 
saying it be given to the university to do the free, untrammelled, 
innovative work which today is difficult to fund because the peers 
are the worst g u ar d ians against innovation. Remember the threat 
against innovation is not from the agencies. It's from the peers. So 
our system is such that it militates against innovation. Industry, on 
the other hand, looks for innovation; that's all they pay for. 

Mr. Boucher. But if we let industry do too much of the guiding, 
don t we really run the risk of our research taking on too much of 
a short term and mission-specific orientation? 

Dr. Roy. Just the opposite. Industry only comes to me when I'm 
so far ahead of the pack, as Dr. Schmitt said, it's got to be connect- 
ed to their short-term interests but I'm suggesting the feds now 
give me to say, hey, Roy, go do some more of hat in any field you 
want to. That's the difference between writing a proposal which 
spells out what you're going to do and being rewarded for your per- 
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formance that you've done something creative which industry is 

certifying. 
Mr. Boucher. Dr. Lauffenburger? 

Dr. Lauffenburger. I think industrial funding is sort of a 
double-edged sword. It certainly is beneficial for bringing a strong- 
er connection between real industrial problems and the scientific 
expertise that can be brought to bear on it by the umvemUesand 
the conterminous problem is when it is too mission-directed, when 
it is too clearly tied to development of current technology instead 
of exploration of possible technology that you don't even envision 
yet- 

Let me just say that one healthy program in this regard, I think, 
that's come out of NSF in the last so many years was this Presi- 
dential Young Investigator Award system where young investiga- 
tors would be given a certain amount of money to be matched by 
industrial contributions and to the extent that those industrial con- 
tributions were not contractoriented but were more toward the 
support of that person's laboratory and the development of some 
new approaches, 1 think that's been very valuable. 

Mr. Boucher. We are seeing now, as some of you have suggested, 
more of a copying by university research of the industrial model 
where teams of researchers work together and share infrastructure 
and overhead. What do you generally think about that? What does 
that portend for the future? Is this a healthy trend; is this not a 
healthy trend? In view of its taking place, should we at the Federal 
level be changing our way of doing business? Should we make 
money in block grants, for example, to accommodate that? 

Dr. Schmitt. I think it depends on how you do that. It can be a 
very healthy thing and contribute immensely to the academic en- 
terprise. I will give you an example. At my institution, we have a 
Center for Manufacturing Productivity that I think is one of the 
leading academic research enterprises and technologies. 

The philosophy from the beginning in establishing interdiscipli- 
nary research centers on our campus, that one and many others m 
materials and computer aided design and the like, was those cen- 
ters have to play an important role in the educational process. So 
in the Center for Manufacturing Productivity where a lot of gradu- 
ate research as well as other research is going on, if you walk into 
that, you will also find undergraduate classes actually in those fa- 
cilities doing work, laboratory work pertaining to their undergrad- 
uate courses. 

So I would say that one of the criteria one wants to place on 
these things and which was placed on the engineering research 
centers is that it had to have a significant impact on undergradu- 
ate education. I think it's entirely possible and as a matter of fact, 
if you talk to students themselves, they will tell you that s some of 
the most exritingundergraduate experience they have. 

Mr. Boucher. Dr. Lederman? . 

Dr. Lederman. I don't know if your emphasis was on interdisci- 
plinary versus large groups. Large groups are becoming a necessity 
because the problems get more complicated and whatever it is; 
whether it's a tabletop experiment or work on a distant telescope 
or a particle accelerator, the large group structure is needed to 
handle the complexity. 
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There's a misconception about how these groups work and in 
general, this gets to the question that was raised earlier about big 
science versus small science. The standard group in the university 
that's going to work at a distant facility might be a professor, an 
assistant p r ofe sso r , two post-docs and three graduate students. It's 
the same sort of structured group that works at a tabletop or a dis- 
tant facility. 

The difference is when it comes to a different facility, he joins 
with 20 or 80 other such groups in a joint effort, a jointly shared 
effort to create some sort of facility or to get data out of that facili- 
ty. Then they go back and they wrestle with the data they have 
and in the same historically traditional, innovative creative enter- 
prise. 

I studied in fact the names on papers in a variety of different 
fields and found that the number of scientists per paper has been 
increasing. It's doubled in the last 20 years, all except for mathe- 
matics where it went from one to 1.01, so they are still individuals* 

Mr. Boucher. Dr. Roy? 

Dr. Roy. I think that there's no question that what we call a 
small team, which was always present, (I think Dr. Lauffenburger 
agreed, two or three faculty in different fields interactively work* 
ing on a problem) w now the unit of science. There are fields as Dr. 
Lederman just said, mathematics ran do it individually, but in 
most of the fields, that is necessary. 

Let me caution you. The university world, I take Dr. Schmitt's 
institution as somewhat of an exception, the university world has 
not managed to institutionalise interdisciplinarity. I have pushed 
the directors of NSF to write in there that they must institutional- 
ize it Otherwise, what we get is ad hoc trams to get the money, 
then they don't see each other until June 30 when they write the 
report 

We've got to watch out against that. We can do something. Insti- 
tutionalize it. Have som** tenured professorships in manufacturing 
productivity or whatever. If we are going to be serious about the 
met that the original carving up of knowledge into physics, chemis- 
try, biology, material science is not a permanent thing. Wc must 
now pay attention to the national needs* 

In Japan, for instance, precision engineering, that didn't exist. 
Now they have 17 departments. We have not done that Materials 
research in the universities was a disaster. We fudged the data for 
years and years and we told NSF what we were supposed to be 
doing. They ate it up and in fact we didn't institutionalize it So 
I'm suggesting small teams are important, I'm suggesting that we 
do move to institutionalize some of those areas. 

Mr. Boucher. Dr. Lauffenburger? 

Dr. Lautfxnbubokr. Well clearly, I addressed this at some 
length and maybe Til just try to make the distinction that I 
wanted. Absolutely, groups of investigators from different fields 
and crossing disciplines are essential these days to really doing pio- 
neering research. That's not what I was talking about 

I think the detriment comes when you develop large enough cen- 
ters so that in any given field there can only be one, for instance, 
nationwide, only one center in the entire country, let's just say in 
biotechnology because what that means is that you've invested in 
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the ideas of the particular people at that institution, some of whom 
may be the best researchers in the world and others not, and 
yotrve diluted the small number of ideas into a larger group of in- 
vestigates at the expense of other investigators elsewhere that 
may in fact have ideas that are quite valuable as well. So that's 
what Fm talking about, when you're really bringing it down to 
massive support of one small set of ideas at one institution. 
Mr. Boucher. Well, that distinction is very clear and duly noted. 
Let me inquire about one other area and then Til yield to my 
colleagues, we have had testimony before this subcommittee previ- 
ously that there is a dire need on the part of most universities to 
have additional Federal support for facilities construction for re- 
search. 

The National Science Foundation has a research facilities con- 
struction component which unfortunately the Administration is 
not recommending any funding for, for the upcoming fiscal vear. 
While we have this distinguished panel here, I think I would be 
remiss if I didn't solicit your comments on the need that you see 
for additional Federal support for research facilities construction 
and therefore, funding for mat program? Dr. Schmitt? 

Dr. Schmitt. You have to understand that as a member of the 
National Science Board, I've been in favor of a facilities program 
for a long time, so just make sure you have my bias. I think it is an 
extremely important need, but the problem is always the fact that 
the faculty, the scientific community get hung up over whether a 
single dollar that you're going to put into bricks and mortar is 
going to come out of laboratory research. 

While Erich Bloch was still Director of NSF, he visited our 
campus once and I took him to a building in which we had a re- 
search program being sponsored by NSF in a laboratory room and 
whenever it rained, we had to put plastic over the room because 
the roof was leaking. That's the syndrome and I have to tell you 
having become familiar with the academic accounting systems, and 
academic financial systems, there is nothing in those systems that 
tends to make universities choose the right priorities when they 
have to choose between doing an experiment in a laboratory and 
repairing a roof. The whole accounting system is set up so that you 
don't have to face that issue ever. 

We do have to make choices about whether we need to repair the 
roof or do an experiment under that roof. Those choices are un- 
avoidable. The university accounting systems today avoid it totally 
and the Federal Government with some sort of a program that re- 
quired matching funds of some sort could help to stimulate that in 
my opinion. 



Mr, Boucher. Dr. Lederman? 
Dr. Lederman. Well, you're probably familiar with the Packard- 
Bromley Report in 1986 which identified some $10 billion worth of 
needs in replacing obsolete equipment in universities and follow up 
on that— I've forgotten who did it —said not so long ago, of that 
number, a very, very small part had been done but time went on 
and so the deterioration of equipment and obsolescence of equip- 
ment got worse. 

I think I agree totally with Dr. Schmitt that there has to be a 
balance and you have to have a judgment as to what to put into 
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facilities of that kind. I think the NSF program was a sound pro- 
gram. I'm sorry to see that it didn't get entered. 

Mr. Boucher. We haven't had the last word on that yet, I might 
say. 

Dr. Boy? 

Dr. Roy. I think I want to separate two things. One is bricks and 
mortar and one is equipment I think in bricks and mortar perhaps 
a program somewhat which is based on the old NIH program 
where you could get a certain percentage back for bricks and 
mortar are the kind of R&D you're doing and let it be done locally. 
Otherwise we have to write another set of proposals for 16 different 
buildings. It would be better to have a formula return for bricks 
and mortar. 

On the equipment question, I think, again I would certainly give 
an incentive to the universities to make better use — I think the re- 
gional facility idea is working. I send all my students to Cambridge 
in England or to Arizona State. I don't want to put up another 
$600,000 damn fool machine. Why should I. But we don't give the 
money for travel which will make much more efficient use of high- 
priced facilities* Every professor likes to have something to show 
the visitors. Well, that game is over. I think. We don't have the 
money for that. So if we give facilities, we should make very sure 
that they are well-utilized and that means about 16 hours a day* If 
there is not a night shift, don't give them anymore money* 

Mr. Boucher, Dr. Lauffenburger? 

Dr. Lauffenburger. Fd say yes, that's a valuable program. It's 
sort of a necessary corollary to what I would see as the favored 
support of small teams and individual investigators who couldn't 
support those facilities themselves. I would see that equipment and 
facilities as sort of the best kind of ranter in which they are operat- 
ed an 1 many different people can use them at one institution or 
even at neighboring institutions. 

Mr. Boucher. It had been suggested that the NIH program had 
particular merit because it, like other NIH initiatives was peer-re- 
viewed and that basicall> meant that the institution that had the 
best proposed use for the facility would get the funding for its con- 
struction, unlike the typical way the Congress tends to fund brick 
and mortar facilities which is through the appropriations process 
and line items. That calls in to play political influence to a greater 
extent oftentimes than scientific merit The gentleman from Penn- 
sylvania earlier was commenting on that. 

f Jiers had suggested that the research facilities program was 
very valuable because when the NIH put its imprimatur on a given 
facility, even though the total contribution to its cause trimmed 
from the NSF might be fairly small, that just the stamp of the NSF 
in saying this is a facility we think is worthwhile, tends to leverage 
a lot of additional support from the State, the university, and the 
private sector, so it has value from that standpoint as well. 

I thank this panel very much for its thoughts this morning and 
recognize now the gentleman from California, Mr. Packard. 

Mr. Packard* ru be rather brief, Mr. Chairman. 

The debate between which comes first, research or technology, 
and the debate on how to and who profits most from the applica- 
tion of the technology or the research, the individual researcher or 
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the institution, or private sector is constantly going on and I think 
some of the written material that I've read— unfortunately I didn't 
get to listen to some of your testimony, Dr. Roy, but I know in 
some of your written testimony you've mentioned that in your 
judgment we have it reversed, that technology is the innovator and 
the author of research and applied science. 

I fully recognize the procedures and the policies that Japan has 
had ana its benefits to their economy versus that here in this coun- 
try. I have to assume, though, that most universities would not like 
to we a flow of funds and the flow of the emphasis away from re- 
search to technology and to applications, would you expand on 
that, and then I'd be interested in hearing from perhaps each of 
the others and then I'd be through, Mr. Chairman. 

Dr. Roy. Mr. Packard, if you remember, I testified before you a 
couple of years ago and made the same point. 

Mr. Packard. I sure do. 

Dr. Roy. That it's not flow of money from research to technology, 
it is what drives the research. If Bell Late didn't exist, the discov- 
ery of the transistor action which was a cooperative thing would 
never have been pulled into the field, it was a technology pull, get 
rid of the filament drain and that's the way we're going to move 
something. 

Unless we are going to utilize that knowledge, it site on the shelf. 
We built an atom bomb based on Germany's basic science, they dis- 
covered fission, we didn't, so science is just thrown out there and 
anybody can grab it and use it. 

I said last time, the Japanese have invented a science rating 
tree, so we're out here growing science and they are eating it We 
don't have the trees anymore, we're destroying our capacity. What 
I'm crying about is that the industrial capacity to make knowledge 
into products has been destroyed. 

In the university, we can have two kinds of research, both are 
exactly long term basic research. One can be connected to our in- 
dustrial infrastructure and the other can be for the good of science, 
writing papers and so on. I'm saying that the public sector, the 
Congress, using our tax money, has got a right to say if it helps the 
Nation, we've got to give a priority to that. We're not cutting back, 
zeroing out the others, but surely in these hard economic times, 
I'm suggesting that not only has technology driven most of the 
good science from Galileo onwards, but in fact today given the eco- 
nomic climate, we should use that as a major criterion in deciding 
where to put our emphasis. We should in fact use the utilizability 
of that knowledge as part of the criteria. 

Mr. Packard. Dr. Schmitt? 

Dr. Schmitt. Yes, I have two comments to make. 

I am not as alarmed or apprehensive about the tender nature of 
exploratory research as has been expressed otherwise today. I 
remind you that Pasteur looked at sour wine and invented bacteri- 
ology and Irving Langmuir looked at a blackened light bulb and 
launched surface chemistry and Jansky sat out in a corn field lis- 
tening to static and discovered radio astronomy. 

The fact is that people of genius will do things of genius what- 
ever stimulates them. I think as Dr. Roy said, a lot of good funda- 
mental science can come out of being stimulated by very practical 
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problems provided the individual doing it, and the individual work- 
ing on it is given the freedom to approach the problem in whatever 
way they want That's the key to it You've got to give people of 
genius elbow room, the scope to approach problems in whatever 
way they wish. 

Second, I would differ with Dr. Roy on one little thing. The Japa- 
nese have yet to beat us in any pioneering discovery or invention 
or in the first introduction into the marketplace of a product based 
on such pioneering things* Where they have consistently beat us is 
injhe second, third, fourth, fifth generation. 

Mr. Packard. What needs to be changed in the United States to 
alter that? What are we not doing that they are doing? 

Dr. Schmitt, We have not been very good at the incremental 
type of innovation, the type of innovation that involves manufac- 
turing process, involves getting quality up and so on. They are pur- 
portal on the one hand to be quick to market and yet at the same 
time people call them persistent, they appear to be opposites. 

In fact what they do is they get something on the market quickly 
when the volume may not be very high. They find out how the cus- 
tomer reacts to it and then they very quickly keep changing it and 
learning— they use the market almost as an experimental tool, so 
some of the processes that they have used to succeed I think some 
United States firms are beginning to learn how to emulate now, 
but the only thing I would sa> is I would hate for the U.S. give up 
the one place where it has and still is preeminent That is in the 
pioneering types of discoveries and in fact being the first to market 
with things rased on those pioneering discoveries* 

Mr. Packard. Dr. Lederman, do you have a comment? 

Dr. Lederman, Well, I'm dearly someone who has been active in 
fundamental research, far out research, useless research, if you call 
it, abstract stuff, and yet you would be blind to the lessons of histo- 
ry if you didn't realize that when the Greeks started us off on sci- 
ence with a notion of how the universe works, that's been the moti- 
vation if you like, vou an easily follow the road from there to Wax- 
ahachie, Texas where some other large prefect, megaproject is 
going on, and the road is very clearly traced. 

In the course of answering that question, we've changed the way 
people live on this planet and how they think on this planet, and 
vou go through various highlights of that I don't think I have to 
lecture you on the Newtonian revolution and on the discovery of 
electricity by Faraday, all out of curiosity-driven, how does the uni- 
verse work questions- I think that goes cm and on and all the way 
to before the transistor, there was the quantum mechanics. 

When data came out of the atom, it was totally inexplicable and 
when finally it was solved in Europe in the 1920s and 1930s, we 
had made a total revolution in our understanding of what goes on 
inside of an atom, which now I once estimated accounts for about a 
third of our GNP. That's the understanding of the processes inside 
an atom. 

If you ask the innovators of that, Mr. Schrodinger and Heisen- 
berg, and so on, why did you work on this atom, they wouldn't 
have said anything about the GNP. They wouldn't have known 
what it meant It was there. It was how the universe works. 



128 



118 

I don't see any reason why this sequence of things doesn't contin- 
ue on and onTScience begets technology, technology then enables 
science to make more powerful things, u you go to a particle accel- 
erator, it's full of technology which comes out Without that tech- 
nology, we'd be helpless. Without the incredible advances in com- 
puting science, we'd be helpless nowadays, but the science also 
begets the technology, so it's an interactive thing which because it 
interacts accounts for the tremendous pace of change we have in 
modern society. It's because of this escalating spiral of science, 
technology, science and it's our job, it's your job to make the right 
balance and not to skew it too far in one direction or the other di- 
rection. That's the hard part 

Mr. Packard. It's obvious this dispute extends itself to the very 
panel. We'll have the last word from Dr. Lauffenburger. 

Dr. Lauffknbukoeh. Well, my comment? here would just echo 
and support those of Dr. Schmitt and Lederman. I would have 
nothing to add other than what those two have said already. 

Mr. Packard. Do you want to have the last word, Dr. Roy? 

Dr. Roy. Yes, of course we disagree with Dr. Lederman with the 
value of some of that science. I'm putting economics before us be- 
cause I think we are in economically stringent times. If you look at 
the sports economy, in my testimony I said we can talk about sci- 
ence and we can talk about sports, baseball, football and so on, and 
there are some sciences, abstract sciences which are about as im- 
portant as tiddly- winks, but it's a very interesting subject to those 
who play tiddly-winks, but do we spend our tune on scientific 
tiddly- winks which do not connect to the business of the country, 
to the human needs, I say basic science is that which is closest to 
human needs. 

I think the basic science which you should be supporting is that 
kind of science and I believe the definitions— I think we need to 
have a panel on really trying to answer that Question, Mr. Pack- 
ard, which way does the flux run and let's illustrate it because 
there is more than one kind of science. I've tried to use those ex- 
pressions. Science for society which is publicly funded and science 
for self and for the institution which should be privately funded. 

Dr. Lauffenburger. I would like to add one thing. The difficulty 
with what was just said is that it's almost impossible for Congress 
or anybody else to decide which of today's tiddly-winks will actual- 
ly end up being the building blocks for a technology tomorrow. 
That's the mistake you don't want to make. 

Mr. Packard. Thank you very much. 

Mr. Boucher. The gentleman from Oregon, Mr. Kopetski. 

Mr. Kopetski. Thank you, Mr. Chairman. 

I'm fascinated by this discussion. I represent one of the great re- 
search facilities in the world, Oregon State University, and we 
have both the partnerships, joint ventures and we have basic re- 
search going on in all kinds of areas. In fact the Chair was able to 
take the Chair of the full committee up just this last Friday to 
show off some of the interesting activities going on. 

I was curious about the whole debate going on with respect to 
the indirect costs and what amount and the proper role of the Fed- 
eral Government and what kinds of reforms are needed to remove 
confusion, achieve maximum accountability for indirect costs. 
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Perhaps the panel could, if they like, comment on this area. 

Dr. Schmttt. I presume you were not in when I introduced my 
testimony saying when university presidents appear before a con- 
gressional committee today they have to establish their credibility 

Hie met is there are two things I think that are going on. One is 
there are some real and valid costs pressures on academic institu- 
tions, for example, the new animal facilities, for example micro- 
electronic facilities. There are a lot of expensive kinds of facilities 
that are coming onstream today whose maintenance, upkeep, heat- 
ing and everything else are more expensive. A lot of environmental 
regulations, the universities are subject to some real cost pressures 
just like every other institution in the country because of some of 
the things we ve decided are important to do. That's going on and 
that's valid. 

The second thing is that the question of what is it legitimate to 
charge to overhead of a research contract or not, is obviously up for 
debate. Frankly, academic institutions thinking about overheads 
have been faulty in my opinion. What I found is with a very 
modest overhead rate of 59 percent now coming down, we collect on 
our research contracts that what was happening is they were 
taking some of those "overhead dollars" and giving them back to 
researchers to use for direct costs tc give them incentive to get 
more contracts. 

It just blew my mind aiming from industry that that illustrated 
a total misunderstanding of what overhead was or the recognition 
that overhead costs are real costs. I think there is that kind of an 
attitude 

Mr. Kopetski. Do you think the community can get together and 
decide what is an indirect cost and what's not? 

Dr. Schmttt. It isn't all that clear in industry either. In the end, 
you have to establish the rules and the regulations as to what is 
legitimate charge and what isn't. Believe me those debates go on in 
industry as well. We just haven't paid as much attention to them 
in academic institutions. 

Dr. Roy. I think that there was a solution, although Dr. 
Schmitt's indirect costs are going down, and you really should com- 
mend an institution which nas done that because we should give 
them an incentive, give them an extra point or two. You've got to 
give an incentive to us to take our overhead costs down. At present 
there is no incentive, we want to pad it and make it look bigger. 

One way that NSF used to run for many years was a fixed over- 
head, whatever that number is, and that's one way that we all will 
kind of drop off certain items from overhead and do it. It would 
simplify bookkeeping, it is a possible solution and I commend to 
you the reexamination of that. 

The second one is something that Dr. Schmitt mentioned in his 
testimony which I had in my book about 10 years ago, an IR&D, an 
Independent Research and Development fund in order to make 
that legitimate. We really should give— universities, who do $200 
million worth of research and if the feds are putting up $100 mil- 
lion of that, there could be an IR&D fund and a feed overhead. 

I think these two would separate those two items, and I have 
been advocating both of those for quite a long time. 

Mr. Kopetski. Thank you, Mr. Chairman. 
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Mr. Boucher. The Chair thanks the gentleman and there being 
no further questions by members of the committee at this time, 
with the Chair's thanks, this panel is dismissed. The hearing is ad- 
journed. 

[Whereupon, at 12:26 p.m., the subcommittee adjourned, to recon- 
vene at the call of the Chair.] 
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